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S U I,1 M A R Y 
In t h is thesis an examination has been made of 
selected mineralogical and chemical properties of some 
Australian granitic rocks from varying geological 
environments in an attempt to elucidate the differences 
between granites from these diff erent environments, and 
to deduce something of the physical co ndi tions under which 
they have formed . Particular emphasis has been placed 
on the feldspars because of their intr insic nature in 
granites , and because of their varying composition and 
structural states . 
The granites studied have been classified into 
Sub-Volcanic , Contact Aureole, and Regi onal Aureole 
granites, followlng the terminology of hite , Chappell 
and Branch, (1964) . 
Examination of the frequency distribution of 
the major elements in 256 granites from known environ-
ments indica tes tha t there is little significant 
difference in the compositions of the three granite 
groups. hen the ana lyses are converted into Barth 
mesonorms and plotted onto Qtz-Or-Ab diagrams it is 
seen that the distribution maxima for all three granit e 
groups lie close to the ternary minimum determined for 
the synthetic system. This is tak en to s u gges t a 
magmatic origin for most granitic rocks. 
ii. 
The morphology of quartz is characteristic for 
some of th e gran ite groups; subhedral, rounded, strain 
free crys tals are restricted to the Sub-Volcanic and 
orthoclase-bearing Contact Aureole granit es . Anhedral, 
strained quartz, with a typ ical interlocking mosaic 
texture is found in Regional Aureole gra ites and in 
microcline-bearing Contact Aureole granites, and in 
other tectonically deformed granites . Graphic inter-
growths of quartz qnd potash feldspar are restricted to 
the Sub-Volcanic granites . Myrmekite, like anhedral 
quartz, occurs predominantly in the Regional Aureole 
granites and microcline-bearing Contact Aureole granites. 
It is absent or weakly developed in Sub-Volcanic and 
orthoclase-bearing Contact Aureole granites . 
The comp osition of the plagioclases in the 
granitic rocks studied range from albite (An4) to 
andesine (An43 ). Most granitic plagioclases are of a 
low structural state; many of those from Sub-Volcanic 
gran ites, orthoclase-bearing Contact Aureole granites , 
and Regional Aureole granites from granulite terrains, 
are of inte rmediate structural state, suggesting a 
higher ordering temp ~rature. These intermediate 
plagioclases always co-exist with orthoclase, never 
iii. 
with microcline. 
The optic axial angle and triclinicty of 
potash feldspars from Regional Aureole granites 
decrease as the grade of metamorphism of the associated 
rocks increase. Maximum rnicroclines are present in 
granites associated with low amphibolite facies rocks, 
intermediate microclines in granites associated with 
high amphibolite facies rocks, and orthoclases in 
granites associated with granulite facies rocks. Sub-
Volcanic granites are characterised by the presence of 
orthoclase, and Contact Aureole granites consist of 
two sub-groups characterised by ortroclase and maximum 
microcline respectively. 
The structural state of potash feldspars is 
influenced by temperature change and it is suggested 
that the optic axial angle is sensitive to ordering 
at high temperatures, and that triclinicity is sensitive 
to ordering at lower temperatures. By using Barth's 
diagram relating optic axial angle to the degree of 
Al/Si order-disorder in potash feldspars, it is possible 
to estimate the tentative distribution of Al be tween 
the four tetrahedral sites during the orderirgof potash 
feldspars , and to calculate the distant order function 
for these feldspars. The distant order function is 
believed to be related to temperature and can be used 
iv. 
as a relative geothermometer. The temperatures so 
obtained are thought to reflect the temperature at 
which ordering ceases in the feldspars. The feldspars 
from Sub-Volcanic and orthoclase bearing Contact Aureole 
granites have ceased ordering at higher temperatures 
than the other granites, but below the crystallization 
temperatures of acid volcanics. Microc line-bearing 
Contact Aureole granites are believed to be related to 
orthoclase-bearing Contact Aureole granites, the fela-
spars in the former having ceased ordering at much 
lower temperatures due to hydrothermal activity. The 
feldspars from Regional Aureole grarii te s have ceased 
ordering at temper 8tures corresponding to, or slightly 
lower than, the grade of metamorphism of the associated 
metamorphic rocks. 
The Na2o con Gent of the potash feldspars is 
highly variable and is inversely related to the K2o 
content. There is considerable overlap of the albite 
content of the feldspars from the three granite groups 
studied, but the overall tendency is for the albite 
content to be higher in the Sub-Volcanic granites than 
in the Regional Aureole granites. The Contact Aureole 
granites tend to be intermediate between t~ previous 
two granite groups . The CaO content of the potash 
feldspars increases slightly with increasing Na2o content. 
All the feldspars stuaied have crystallised in the 
Or-Ab field of the ternary felds oar system. 
v. 
The discussion of the use of both the 
synthetic feldspar solvus and the Barth two-feldspar 
geothermometer for tem] erature estimation shows that 
when different granites are c onsidered anomalous and 
conflicting res lts can be obtained . It a ppears to be 
reasonable to use these geotherrnometers for relative 
temperature indic t tions within individual granite 
bodies. 
It is not possible to disting uish between the 
three granite groups on the basis of· the rubidium, 
strontium or barium contents of the potash feldspars . 
Nor is the re any correlation betwe en the degree of 
ordering or the bulk composition of the feldspars and 
their trace element contents . Rubidium does not exhibit 
its customarJ coherence with potassium, and there is 
no ap parent correlation between the strontium and calcium 
contents of the feldspars . There is however a good 
correlation between barium and stront i um in the potash 
feldspars. The principle factor controlling the content 
of these three trace elements in the potash feldspars 
appears to be the chemical composition of the host 
rock . The rubidium content increases from granodiorites 
to leucocratic gra ~ites, and both the barium and 
vi . 
strontium contents decrease . 
The data presented in the thesis has been 
used to disttnguish mineralogically , and to a lesser 
extent chemically , between the three granite groups 
and to show that the dif'ferences between them are 
brought about at sub- magmatic temperatures as cooling 
and recrystalliz a tion proceeds under differing environ-
mental conditions . 
THE STRUCTURE AND CHEl':ISTRY OF FELDSP.4.RS IN 
SELECTED AUSTRALIAN GRANITES 
INTRODUCTION 
In this thesis an investigation is made of the 
geochemistry and structural state of feldspars in 
granitic rocks from different geological environments. 
In conjunction with this a brief study has been under-
taken of the chemical and mineralogical composition of 
the host rocks. 
It was thought that most granites a ttain some 
form of equilibrium at sub- magmatic tem:peratures , under 
physical co ditions simila r to those responsible for the 
equilibrium assemblages of the associated rocks. Thus 
granites genetically related to, and associated with , 
acid volcanics, may have mi neralogical and chemical 
similqrities to the associated volcanic rocks (Tuttle 
1952, Tuttle & Keith 1954). Similarly the "disharmonious" 
granites of Valton (1955), surrounded by thermal aureoles , 
may reflect the physical conditions of the hornblende or 
pyroxene hornfels facies in their mineralogy , since they 
have probably attained some form of equilibrium under the 
same conditions as the innermost zone of the thermal 
2. 
aureole. Fu ,thermore the mineralogy of granites 
intimately associated with regionally metamorphosed rocks, 
may reflect the physical conditions of the Greenschist, 
Almandine- Amphibolite or Granulite facies. 
Unlilce metamorphic rocks, granites a re of 
relatively uniform chemical composition and a re com osed 
of minerals with broad fields of stability. Consequently 
most granites , although from widely different environments, 
have similar mineralogical assemblages wlrlch do not lend 
themselves to facies classification . Because of this 
uniformity the feldspars have been chosen for study, 
since they are characteristic of all granitic rocks, and 
it was believed that their geochemistry and va ri able 
structural state may g ive some clue to the physical 
conditions relating to the formation of granites in 
different geological environments. 
The work reported here is based on a study of 
seventy-five granite specimens from various r egions in 
Australia (Fig . 1). A wide selection has been taken to 
reduce any regional bias. Forty specimens are from 
granites associated with regional metamorphic rocks , 
eighteen from granites surrounded by con t ac t aureo ~s 
and seventeen f1,om granites intimately associated with, 
and related to, acid volcanics . 
This subdivision into three broad groups is 
based on the classifications of Jop lin (1962) and Whi te 
0 Locot 1on and number of samples 
'-
' 
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Fig. 1: Map of Australia showing areas 
covered by this study. 
Chappell and Branch (1964). It is based on field 
relationships and has the advantage of being easily 
applicable to most granite bodies with a reasonable 
degree of certainty. This could not be said of most 
previous classifications. The terminology of \1Vhite, 
Chappell and Branch has been followed, the three groups 
being: Sub-V ~lcanic granites, Contact Aureole granites 
and R~gional Aureole granites. The relationshi ~ of this 
classification to others is tentatively suggested below 
in Table 1. 
TABLE 1 CLASSIFICATION OF GRANITES 
.__ --- _... ........... --r 
KENNEDY & 1/HI TE, Clil\PPELL 
ANDERSON 'lALTON BUDDINGTON AND BRANCH 
1938 1955 1959 1964 
Volcanic Sub-volcanic 
Granites Epizonal Granites 
Disharmoni ous 
I Granites 
Granites Contact 
Aureole 
Granites 
Plutonic 
Granites 'Mesozonal 
Granites 
j • - - • .. 1 
Harmonious Katazonal Regional Aureolf 
Granites Granites Granites 
4. 
The granites from regionally metamorphosed 
terrains are mo::s tly from the Rum Jungle Complex, r~ . T. 
(Rhodes, 1965) and the Palmer region of South Australia 
(White, Compston, and Kleeman, (in Dreparation), ~ith 
isolated specimens from Cooma, N. ~. N. (Joplin 1942, 
1943), Arnhem Land, N •• , and \ est Australia. The 
granites from the Rum Jungle Complex are associated 
with met amorphic rocks of high Greenschist and low 
Almandine - Amphibolite facies , whilst the Palmer Granite 
is associated with metamorphic rocks belonging to the 
upper Almandine -Amphibolite facies . The Cooma granite 
is associated with low pressure, high temperature 
regional metamorphics (Andalusite-sillimanite type) of 
high Almandine-Amphibolite facies (Myashiro 1961, Joplin 
1962), a na. the grani t es of Arnhem Land and ·:. es tern 
Australia are associated with ri.e tamorphic rocks of the 
Granulite facies . 
The gr anites surrounded by Contact '.ureoles are 
mo::stly from eastern Tasmania and the Katherine - Darwin 
region of' the Northern Territory, with a few specimens from 
the Hartley, New South , ales (Joplin 1931), and Cairns, 
Queensland (Amos and deKeyser 1964) districts . All are 
surrounded by Contact Aureoles which are superimposed on 
unmetamorphosed sediments or low- grade regionally 
metamorphosed rocks. 
5. 
The granites associated with acid volcanics 
are mainly from the Atherton region of Queensland, and 
from Victoria, vdth a few specimens from Arnhem Land 
and from the Calvert Hills region of the Northern 
Territory. The Queensland granites a re associated with 
acid volcanics and ring dykes in a series of large 
cauldren subsidences (Branch , in preparetion). 'l:hose 
from Victoria, althoug-r not all associated with acid 
volcanics, are located in cauldren subsidences simila r 
to those in Queensland (Hills 1958). The gr anites from 
the northern 'Ierri tory are associated vd th acid volce1nics 
'~ oh ~rts, Rhodes, and Yates 1963). There is no indication 
of c auldren subsidence or the development of ring dykes. 
A list of all the samples s tudi ed , their local-
ities, associated rocks and references, is given in 
Appendix 1. 
6 . 
CHE!-.:ICAL COHPOSITION OF GRAHITES 
Chemical analyses of the ma jority of the rocks 
studied in this thesi s are g iven in Appendix II, together 
with their Barth ~e sonorms . The Barth norm (Barth 1959 , 
1962) has been used because it gives a truer representa-
tion of the ni nerals p resent in g1~ani tic coc~'"s , t;--.1!1 doe s 
the c onventloi1c:1. l ~ .I. P . -.l . norm . ':'he sanples have been 
chemica lly analysed a t t he AuotP3.lian :tineral Development 
Laboratories as part of the Bureau of 1'ineral Resources 
age determination procrarrune . 
I n :::iddi tion to the sev enty- three ~.-1al r3es listed 
in Appendi x II, a further one hundred and eighty-three 
h2vc been collected frora the literature (~oplin 1963) ond 
from unpublished materi a l of the Bureau of ::ineral 
Feso1.1r-ces . J.n analysis J1as been used only ,.-.,he re the 
description of the field relations _i p s of tl:e crani te 
,an :..··1.fficifmt ~o r l a c e it i n one of tl!e tLr·tL' ...;r.~r,L:e 
Ul' 11r, r, u0c·6 in tl is stud;:,r . In al l , ana lyses of sevent;:,r-
four cub-volcanic granites, e i ghty-four contact aureole 
g r anites and ninety-eiul.t re...;ional aureole c r anites were 
used . 
Severa l recent : o:9ers have succ;ested tki. t c r an i tes 
frorr. different oro1e'1ic envi ronments r1::1:,' Lave slif,l tl;y 
different ch'3nical characteristics, 1·f.flcc ting their i:Ode 
of' ori[,in (Si moncn , 1960, Luth, Jahns, and Tuttle, 1964 , 
Kleeman 1965). Indeed Rooke (1964) has demonstrated 
marked differences in both major and trace element 
distribution between the older, orogenic and younger 
post-orogenic granites of Africa. 
7. 
Consequently the two hundred and fifty-six 
analyses of the three granite types collected in this 
study have been assembled and compared with this in 
mind. Histograms showing the frequency distributions 
of the major oxides in the three granite types are given 
in Fig. 2 (a), (b), (c) . The most noteworthy feature is 
the remarkable similarity in the distribution patterns 
for most of the oxides in the three types. There is a 
slight tendency for the maximum Sio2 f requency to occur 
at an increasing percentage of SiG2 fr om t he Sub- Volcanic 
granites to the Contact Aureole granites and then to the 
Regional Aureole granites . Similarly the maximum Al 2o3 
f requency ap.i;:ears to be at a slightly higher Al 2o3 value 
in both the Regional Aureole and Contact Aureole granite 
than in the Sub- Volcanic granites. These slight differ-
ences appear to be related to an increasing normative K-
feldspar content in the three granite groups . 
The variation in the K20 distribution is the most 
striking . The K2o maximum is at a slightly higher K2o 
content in the Contact Aureole granites than in the Sub-
Volcanic granites . The regional Aureole granit es show a 
pronounced bi-modal distribution with maxima at 5. 23 and 
5. 23% K20 respectively. The maximum at 5. 23% is at a 
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8 . 
slightly higher K2o value t uan the maximum for the CJntact 
Aureo le granites . Regional Aureole grani tes having a 
K2o content betwe en 3.0 and 3. 5% are remarkably uniform 
in tha t mos t of them have been described as gr ani te 
gneiss, gneissic granite and migmatite, and would appear 
to be intima tely associ a ted with sedimentary material. 
Granites whose K2o conten t is between 5.0 and 5.5% are 
similar in bulk composition to the "ideal" granites of 
Eskola (1956). The average analyses of these two Regi ona l 
Aureo le granite types, together with the sta nda rd 
deviations (S) of the oxides are g i ven below 
8102 
Al 2o3 
Ti02 
Fe 2o3 
FeO 
verage Granite (N = 23) 
72.10% 
13. 971~ 
0. 34% 
0.75% 
1.78,,f 
0 . 77% 
1.37% 
2 .9~ 
5.23% 
(S = 3 . 39) 
(S = 1.31) 
(S = 0. 23) 
(S = 0 . 41) 
(S = 1.19) 
(S = 0.67) 
(S = 1.09) 
(S = 0 . 56) 
( .i . D. ) 
Avera~e Granite Gneiss 
N = 20) 
71. 87% 
14. 79}~ 
0.37'}' 
O. 98;b 
1. 75)~6 
o. 88% 
1. 92;~ 
3 . 41% 
3 . 32C'/o 
(S = 2 . 51) 
(S = 1.4 2) 
(S = 0 .30) 
(S = 0 . 52) 
(S = 1.11) 
(S = 0 . 54) 
(s = o.84) 
(s = 0 . 83) 
( N. D. ) 
It is seen tha t the only ma jor difference is in the 
Na 2o content which varies inversly with the K2o content. 
Barth ~es onorms have been calculated from the 
analyses used to prepare Fig. 3 using a computor 
p rogramme developed by W. :rfiorgan of the Bureau of r.a neral 
Resources for the I. B. : . 1620 com. utor . The normati ve 
Quartz-Orthoclase-Albite ratios for rocks with Q + Or 
+ Ab greater than 75% have been plotted on triangular 
diagrams and then contc ured frequency distribution 
diagrams were prepared for the three granite t :1pes 
(Fig. 3, a, b, c). he positions of the isobaric minima 
at 0.5, 1, 2 3 Kilobars pressure H2o and the eutectics 
at 5 and 10 Kilobars pressure H20 are given for comparison. 
From Fig. 3 it is clear that using the Barth norm 
for calculating the Q - Or - Ab ratios, the 7. 51 maxima 
for all three granite types lie closer to the isobaric 
minima than does the area of maximum concentration given 
by Tuttle and Bowen (1958) . This is because some of the 
K2o is combined with FeO and gO to give biotite , and 
is not used entirely for the formation of K-feldspar . 
The diagrams show that, although the maxima for 
the three granite types lie close to the isobaric minima 
at low water vapour pressures , there is a lack of corres-
pondence at higher water vapour pressures, which one might 
expect if the Contact Aureole and Regional Aureole granites 
had crystallised in equilibriwn with water vapour at 
increasing depth. All three granite t ypes exhibit a 
broad scattered trend astride the quartz-feldspar boundary 
curves for various water vapo ur pressures. This trend is 
in keeping with an origin by partial fusion of sediments 
or remobilisation of granitic basement material, in 
accordance with Winkler and Von Platten's demonstration 
a 
(a) 
a 
0 
(e) 
con lours ore : 
In o 0·25'L area 
Or Ab 
1·0'1. 
5·0'L 
7·5'L 
C:) Sub-Voleanie granite maximum 
Qconlaet Aureole granite maximum 
~-->Regional Aureole granite maximum 
0 Average Grcywoeke 
• Average Gneiss 
D Average Tholelitle Dolerite 
Or Ab 
a 
(b) 
a 
0 
(d) 
Fig. 3(a), (b), (c); Frequency distribution of normative albite, orthoclase , and quartz in 60 
Sub-Volcanic granites, 75 Contact Aureole granites , and 90 Regional Aureole 
granites. Positions of isobaric minimums and eutectics at 0.5, 1.0, 2.0, 
J.O, 5.0, and 10.0 .kilobars are included for comparison . 
(d); Migration of the 7.5 0 maxima in the three granite types. 
Or 
Or 
(1958) that the initial melt produced is formed at 
quartz-feldspar grain boundaries. In a later paper 
Winkler (1962) has shown that the composition of the 
melt produced depends on both the initial composition 
of the sedimentary material and on the amount of melt 
formed (i.e. on the temperature attained and the water 
content of a particular sediment). In this way he has 
formed mats which vary in composition from leu.::: ogranite 
to tonalite. All of the melts fall in a broad band 
parallel to the quartz-feldspar boundary curves. 
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A further feature of these diagrams is that the 
area of maximum concentration for the S·.1b-Volcanic 
granites falls astride the isobaric minimum at low water 
vapour pressures (Fig. 3a), a fact one would expect from 
truly magmatic granites crystallising at shallow depth. 
However the maxima for the C9ntact Aureole and Regional 
Aureole granites, migrate slightly but perceptably, 
towards the K-feldspar apex of the triangle. This 
migration appears to be contrary to what one would 
expect fr om synthetic systems. (Tuttle and Bowen 1958). 
From these studies it might be anticipated that the 
Contact Aureole and Regional Aureole maxima would migrate 
along the isobaric minimum at progressively higher water 
vapour pressures. The migration of the maxima also 
appears to be r.ontrary to the diagrams presented by Luth, 
Jahns and Tuttle (1964). In their paper, the granites 
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undersaturated in alumina (which they have tentatively 
identified with hypersolvus granites) are fur th~ est 
away from the isobaric minimum on the K-feldspar side, 
whilst the oversaturat ed granites (identified with sub-
solvus granites) fall on the isobaric minimum. But from 
the work of Tuttle and Bowen (1958) it would appear that 
hypersolvus granites are closely related to the Sub-
Volcanic category used here, and t hat the subsolvus 
granites can be equated with the Contact Aureole and 
Regional Aureole granites. This comparison has also been 
made by Kleeman (1965), who suggests that undersaturated 
granites have formed by contamination of basalt and are 
typical of the epizone, whilst oversaturated granites 
are formed by melting of sediments and are typical of 
both the mesozone and katazone. 
The migration of the maxima away from the 
isobaric minimum towards the K-feldspar apex of the 
triangle illustrates the increase in K2o and Al 2o3 and 
decrease in Si02 noted previously in connection with 
the frequency distribution diagrams of the major oxides. 
The migration i s believed t o be due to slight but 
increasing, late - or post- magmatic potash met 8 somatism 
in the Contact Aureole and Regional Aureole granites 
(Eskola 1956) . Kleeman (1965) has suggested that 
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granites fall on the K-feldspar side of the isobaric 
minimum because of their anorthite content. This 
cannot be the reason for the migration seen in Fig. 3, d 
however, since the Regional Aureole granites contain 
similar, or slightly smaller amounts of CaO than either 
the Sub-Volcanic or Contact Aureole granites. 
The granite gneisses and mi gma tites responsible 
for the frequency maximum at 3.32% K~O in the Regional 
c::'.'. 
Aure ole granites (Fig. 2,c) also form a sub-maximum in 
th~ Qtz-Or-Ab diagram (Fig. 3,c) on the greywacke/gneiss 
side of the isobaric minimum. Compositions similar to 
the "granite gneiss sub-maximum" could be produced from 
greywacke or average amphibolite facies gneiss (Ramberg 
1952) by partial melting, potash metasomatism or mixing 
with normal granite magma. All three processes would 
produce a rock whose final composition would fall between 
that of the gneiss or greywacke and the normal Regional 
Aureole granite maximum. A similar, but less pronounced, 
sub-maximum is also seen in the Sub-Volcanic granites. 
Investigation of rocks whose analyses fall in this area 
indicates that many of them show evidence of contamination 
by sedimentary material. 
13. 
TEXTURES AND MINERAL ASSEt1lBLAGES 
In the introduction the mineralogical uniformity 
of granites was noted. However slight mineralogical and 
textural differences are detectable among the three 
granite groups and the purpose of this section is to 
examine these differences. 
The graphic intergrowth of quartz and potash-
feldspar is found only in Sub-Volcanic granites, having 
been observed in 35~ of those studied in this thesis. It 
is also characteristic of many volcanic and hypabyssal 
rocks and is attributed to rapid cooling along the quartz-
feldspar boundary curve. This then suggests that some, 
if not all, Sub-Volcanic granites have formed under sim-
ilar conditions to volcanic and hypabyssal rocks. 
The morphology of quartz shows slight but 
interesting differences between the three groups. In 
the Sub-Volcanic granites quartz usually shows little 
sign of strain and (unless intergrown with K-feldspar) 
occurs in rounded to sub-hexagonal crystals, with smooth 
crystal boundaries. In the rare cases where the quartz 
has been strained, the above generalisation does not hold. 
In Contact Aureole granites the quartz may be smooth in 
outline, strain-free, and sub-hexagonal as in the case of 
the Sub-Volcanic granites, or it may occur in strained, 
anhedral, recrystallised crystals with an interlocking 
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mosaic texture. The former occurs mostly in orthoclase 
granites, whilst the latter is typ ical of ml crocline 
bearing granites. The quartz of Regional Aureole 
granites is invariably strained, and anhedral with the 
typical interlocking mosaic texture. Also present in 
Regional Aureole grani t es are s mall rounded crystals of 
· drop quartz" occurring as i nclusions in other minerals. 
They are usually free of strain effects and are probably 
late- or post- magmatic in origin. "Drop quartz" is 
relatively rare in the other granite types. 
Myr mekite is relative ly rare in Sub-Volcanic 
granites, and when present is poorly developed, usually 
as thin rims at K-feldspar-plagioclase contacts. It 
has only been observed when the plagioclase is as calcic 
andesine. It has also been observed at mutual K-feldspar 
contacts, a phenomenon which gives support to the 
suggestion by Carman and Tuttle (1963 ) that myrmekite is 
an exsolution phenomenon. In the Contact Aureole granites 
myrmekite and albite rims are very common at K-feldspar -
plagioclase contacts. Albite rims are best developed 
in orthoclase granites, whilst myrmekite proper is most 
abundant in microcline granites. The plagioclase in both 
cases may be oligoclase or andesine. Myrmekite is also 
abundant in Regional Aureole granites, where it occurs 
typically as irregular lobate masses which appear to be 
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less dependent on plagioclase-K-feldspar contacts than 
in the previous groups discussed. Myrmekite has not 
been observed in gra nites of any of the three groups in 
which the plagioclase is primary albite. Thus it appears 
that it forms in response to falling tempera ture in an 
attempt to preserve local equilibrium between mutual 
plagioclase and K-feldspar crystals. In Sub-Volcanic 
granites cooling is rap id and the K-feldspar remains 
in metastable equilibrium with a wide range of plagioclase 
composi t ion. In a few cases it does not maintain 
equilibrium with andesine, and albite/myrmekite rims 
form at the crystal contacts. With slower cooling, as is 
believed to be the case with the Contact Aureole and 
Regional Aureole granites, K-feldspar no longer remains 
in equilibrium with andesine or a ligoclase, and 
myrmekite or albite rims and lobes are produced. This 
is particularly the case in microcline granites where 
cooling is generally considered to be very slow. 
K-feldspar is in equilibrium with albite at all temper-
atures, consequently myremekite is not formed, irrespec-
tive of the rate of cooling, in albite bearing granites. 
Most granites, whether Sub-Volcanic, Contact 
Aureole, or Regional Aureole, contain either biotite, 
""' biotite-muscovite, biotite-hornblende or hornblende, 
together with quartz, K-feldspar, and plagioclase. These 
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mineral assemblages of either the hornblende hornfels 
facies or the almandine amphibolite facies, the two 
most common facies of the associated metamorphic rocks. 
A few of the Sub-Volcanic granites show signs of being 
out of equilibrium and contain remnants of minerals 
characteristic of the pyroxene hornfels facies. Thus 
in the more granodioritic rocks, clinopyroxene occurs 
as remnants rimmed by hornblende and biotite. Similarly 
some contaminated granites contain cordierite, largely 
replaced by muscovite and biotite, stable assemblages 
in the hornblende hornfels facies. Neither cordierite 
nor clinopyroxene has been observed in Contact Aureole 
granites . The Regional Aureole granites associated with 
rocks of the granulite facies contain one or more of the 
following, garnet, cordierite, sillimanite, kyani te or 
hypersthene , in association with quartz, K-feldspar, 
plagioclase, biotite and/or muscovite. These mineral 
assemblages appear to be out of equilibrium, as is often 
the case with the associated metamorphic rocks (de Waard, 
1965). They may be regarded as assemblages of the 
granulite facies which have been partially retrogressively 
metamorphosed to the assemblages of the almandine amphi-
bolite facies . Similarly the Cooma granite (J55/4/5) 
contains andalus ite, together with K- feldspar , plagio-
clase, quartz and biotite, and is therefore probably in 
equilibrium with the surrounding metamorphics of the 
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andalusite - sillimanite type. Some Regional Aureole 
granites contain secondary albite together with epidote 
or calcite, and chlorite. Since the associated meta-
morphic rocks are transitional between the greenschist 
and almandine amphibolite facies, it is not certain 
whether these rocks represent granites in equilibrium 
with the associated metamorphics, or are the products 
of retrogressive metamorphism. 
The above examination of the mineralogical 
assemblages in the three granite groups, although not 
conclusive, is in keeping with thel'J/pothesis, presented 
in the introduction, that the mineralogy of granites 
from different environments may reflect the physical 
conditions of the associated metamorphic rocks. 
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COMPOSITlON AND STRUCTURAL STATE OF PLAGIOCLASE 
It has been kno~m for several years that 
plagioclase exists in "high" and "low" temperature 
forms corresponding to different structural states, 
and that these differences in structure (Al-Si order-
disorder) are reflected in such physical properties as 
X-ray diffraction patterns, refrac tive indices, optic 
axial angle and optical orientation (Kohler, 1942; 
Van der Kaadon, 1951; Smith, 1956; Smith and Gay, 
1958; Smith and Yoder, 1956; Smith, 1958). It has 
also been recognised that the plagioclase of many 
volcanic rocks have either a h igh or intermediate 
structural state, whereas most metamorphic and plutonic 
rocks are of a low structural state (Slemmons, 1962a, 
Deer, Howie and Zussman, 1963). It is also known that 
some granites have plagioclas es with intermediate 
structural states (Tuttle and Bowen, 1950) and hence a 
study of the structural state of plagioclases from the 
three granite groups is considered here. 
Plagioclase comp ositions were determined on a 
four - axis universal stage using the zonal method of 
Rittman and El Hinnawi (1961). The agreement between 
this method and the R.I. method was found to be very 
good. The structural state of the plagioclase was 
determined from curves of Smith (1958) relating it to 
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2V and composition. The op tic axes were also deter-
mined orthoscopically on a four-axis universal stage 
following the procedures outlined by Fairbairn and 
Podolsky (1951). The structural state of plagioclase 
can also be determined by X-ray diffraction (Smith, 
1956, Smith and Yoder 1956, Smith and Gay 1958). 
Comparison of several such methods by Slem~ons (1962,b) 
indicates good agreement between the optical and X-ray 
methods . However inspection of data given by Uruno 
(1963) suggests that plagioclase with an intermediate 
structural state, as defined by X-ray d i f fraction , may 
give a low structural state from 2V measurements. Thus 
a plagioclase which is of intermediate structural state 
optically will also be found to be of intermediate 
structural state by X-ray methods; and a plagioclase 
which is of low structural state optically may be shown 
to be either of low or intermediate structural state by 
X-ray means . It appears therefore that optical methods 
are not~ sensitive an indicator of structural change as 
are X-ray methods . 
The composition, 2Vx and structural states of 
the plagioclases in the different granite groups are 
given in Table 2 and in Fig. 4. In Fig. 4 the cores 
and rims of zoned crystals have been plotted and joined 
by a dashed line. In each case the cores are more ca1cic. 
The compositions of the plagioclases in the 
T • .iilE 2: THE STR JCTL.frtAL S'rA'rT,, ·.u co, IPO,:HTIL H OF 
PLAGIOCLASE I N GRAlJITES 
A: SlJB VOLCA .. 'IC GRANITES 
JA.:PLE COMPOSTIION 
E54/12/16 
E54/16/l 
354/16/7 
E55/5/7 A~6 
E55/5/28 
155/9/19 
E55/13/ll 
K55/15/2 
Vic 4 
Vic 5 
Vic 6 A~0 - An42 
Vic 45 
D53/4/5 
STRUCTJRAL STATE 
Intermediate 
. ·----- ----- - ------
97° 
77 - 80 .5° /J8.5<:} 
? 
97 - 103° /_99J 
82° (An25 ) 
81 o (An30) 
100° 
Low 
Low - Intermediate 
Intermediate 
Low 
Low 
Low 
Intermediate 
Intermediate 
Low~ Intermediate 
Low - Intermediate 
Low - Intermediate 
Low 
I l 
SAMPLE COi1 POSITION STRUCTw'RAL STATE 
D53/4/6 N.D. N. D. 
D53/4/8 N. D. N.D. 
E53/8/6 N. D. N. D. 
B: CONI'ACT AUREOLE GRANITES 
SA..:PLE COMFOSITION 2Vx STRUCTURAL STATE 
156/5/3 An20 - An32 86° (An32) Intermediate 
K55/7/8 An15 - An31 
68° (An15 ) - 85° (An31 ) Intermediate 
K55/7/ll An23 - An33 84 o (A~3)-88° (An33) Intermediate 
K55/7/12 An5 
101° Low 
K55/7/14 An28 - An52 96° (An37) Low 
K55/7/15 An
3 
- An5 
97° Low 
K55/ll/2 An4 99° 
Low 
E55/6/2 Anl2 - A°J.6 91° Low 
D52/8/5 N.D. .D. 
D52/8/7 An.3.3 93° Low 
D52/8/20 An20 - A~7 88° (A~7) Low 
D52/8/21 An22 86° Low 
D52/8/22 An22 - An27 89° (An27) Low 
S.Ai,1PLE COMPOSITION 2Vx STRUCTURAL STATE 
D52/8/2.3 An29 - An40 90° (An291 Low 
D52/8/24 Ari_5 - An27 91° (An15 )-87° (An27) Low 
D52/8/25 Ari_5 91° Low 
D52/8/26 Ari_0 - An13 93° (Ari_.3) Low 
D53/9/l An29 87° Low - Intermediate 
C: REG-IO L AUREOLE GRANI'l'ES 
Sample Composition 2Vx STRJCTURAL STATE 
D52/8/10 An.3 101° Low 
D52/8/ll An4 99° Low 
D52/8/14. An6 101° Low 
D52/4/ 12 An5 97° Low 
D52/4/21 An6 
960 Low 
D52/4/28 An5 98° Low 
D52/4/31 AnlO 98° Low 
D52/ i+/33 An5 98° Low 
D52/4/18 An6 96° Low 
D52/8/ 18 An.3 98° Low 
D52/ 8/19 An6 - Anl2 98°(A~) 94. o (Anl 2) Low 
---- --------. - . 
J.A,.!PLE C01,IP0S IT 1 ON z.rx S'l'RLJCTURAL ST TE 
D52/4/22 An5 - An10 95° (An5) 92° (An10) Low 
D)2/4/27 An 0 960 Low 
D52/8/9 An~ 101° Low ) 
D52/8/12 An3 102° Low 
--- --
D52/4/13 Anl7 92° Low 
D'J2/4/17 AnlO 960 Low 
D52/4/19 Anl4 90° Low 
D52/4/20 Anl5 88° Low 
D52/L./l'+ An.::'. 2 85° Low 
D52/4/32 Anl9 85 .5° Low 
P2 Anl5 92° Low 
P4 Anl8 - An22 88 .5°( n18) 87° (An22 ) Low 
P5 An20 85° Low 
- -- . ~ ·-
P6 Anl5 910 Low 
P7 AnlO- Anl5 88°-92° /_90~An15 Low 
Pl3 A~5 91° Low 
Pl5 Anl9 - An22 86° (A~O) Low 
Pl6 Anl7 88.5° Low 
SA..IT'LE COMPOS TI ION 2Vx STRUCTURAL STATE 
P •• 12 Anl7 88° Low 
SA 21 Anl6 90° Low 
SA 22 An17 - An22 90° (An17 ) - 86° (A~2) Low 
SA 23 Anl7 89° Low 
J55/4/5 An20 - An29 85° (A~3) Low 
D53/4/2 N.D. N. D. 
D53/4/4 An27 84° Intermediate 
D53/4/7 An30 - An36 85° (An30) - 87 .5° 
(An36) Intermediate 
I51/5/l A~4 86 .5° Low 
E54/16/6 N.D. N.D. 
I51/5/3 An23 82 .5° Intermediate 
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Sub-Volcanic and Contact Aureole granites vary uniformly 
from albite (An0 ) to andesine (An43 ) . In the Regional 
Aureole granites however, the composition mos tly falls 
between A~and An24. This is taken as further c onfirm-
ation for the formation of Regional Aureole granites by 
partial melting of pre-existing rocks, rather than by 
differentiation from a more basic magma . The few plagio-
clases with an anorthite content greater than An24 are in 
granites from granulite terrains, a nd could have been 
formed by more com1, le te fusion of the parent rock at 
somewhat higher tem peratures. 
It can also be seen from Fig, 4 that most of the 
granites contain plagioclase of' a low structural state . 
There are no plagioclases of a high structural state, but 
int~rmediate or low - to intermediate plagi oclases are 
present in all three groups, particularly in the Sub-
Volcanic granites . In this group a large proportion of the 
plagioclases are intermediate or low - to intermediate in 
structural state. The exceptions are either albitic in 
composition or strongly altered . This is in keeping ,ith 
the hypothesis presented earlier that the Sub-Volcanic 
granites have cooled rapidly and have affinities with the 
associated volcanic rocks, since ma:; t volcanic plagio-
clases have b e en found to be of high or intermediate 
structural state (Slemmons 1962, a , 196, b; Uruno 1963) . 
Similarly Uruno (1963) and Tuttle (1952) have found 
intermediate plagioclases in tertiary granites(= high 
level?), and Leavitt and Slemmons (1962) have 
Sub-Volc ar ,c Gran, e s 
,. 
,. ::, ,1•1, ' 
/ 
/ 
Contact Aureole Granites 
Reg ional Aureole Gron, es 
,, 
'" 
....... c: • • , .., t 
/ ; 
/ 
; 
•O 
/ ,~~ 
• ., ... g , ... ....._ 
,, !. 
~"'Ort"·l f 
Fig. 4: The composition and structural 
state of plagioclase in granites. 
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found low - to intermediate plagioclases in the White 
Mountain and New Hampshire magma series. This associa-
. tion of stocks, ring dykes and "cauldron subsidences" 
is considered to be epizonal (Buddington 1959) and 
would be included amongst Sub-Volcanic granites in this 
study. 
A few intermediate or low to intermediate 
plagioclases occur in the Contact Aureole granites and 
the Regional Aureole granites. Those in the Regional 
Aureole granites are restricted to rocks from a granulite 
terrain. This also supp orts the hypothesis that granites 
associated with granulites have attained equilibrium at 
higher temperatures than othe r Regional Aureole granites. 
Slemmons (1926 , b) also records charnockites containing 
plagioclase of intermediate structural state. 
In all the granite groups, intermediate plagio-
clase co-exists with monoclinic potash-feldspar. It has 
not been observed in association with microcline. However 
plagioclase of a low structural state may co-exist with 
either microcline or orthoclase. 
It has long been accepted that the order-disorder 
relations in plagioclases are related to tempera ture of 
f ormation, and that those of a low structural state were 
formed at lower tempe ratures than those of intermediate 
or high structural state. Furthermore, Leavitt and 
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Slemmons (1962) have s hown that the degree of ordering 
in plagioclases from the New Hampshire granites corres-
ponds very closely to the rate of cooling. Inf'onnation 
on t:re transition temperatures of low and high 
plagioclase is not abundant. Bowen and Tuttle (1950) 
have stated that low temperature albite probably forms 
below 700°c., and Mackenzie (1957) has suggested that 
albites approach the low or ordered state at about 450°c. 
In the case of oligoclase (An21•6 and An28 •7) he found 
that it changed measurably from a low towards a high 
structural state at about 690°c and 30,000 lbs./sq.ins. 
pressure. He concludes that low calcic-oligoclase is 
stable at temperatures below 690°c. More recently 
McConnell and McKie (1960) have shown that a "smeared" 
thermal transformation, probably related to Si - Al 
ordering, takes place between 575°c. and 625°c. and PH2o 
of 14,000 lbs./sq.ins. The evidence is not conclusive, 
but suggests that the transition from a low to a higher 
structural state in sodic plagioclases probably occurs 
at about 6oo0 c. 
If this is correct then it would appear that 
many of the Sub-Volcanic granites, together with a few 
Contact Aureole granites, and Regional Aureole granites 
from granulite terrains, have attained equilibrium at 
temperatures of about 6oo 0 c. or above. The remaining 
granites have cooled more slowly and have attained 
equilibrium below this temperature. 
23. 
~STRUCTURAL STATE OF POTASH FELDSPARS 
Theoretical Considerations 
It has long been known that there are at least 
two forms of potash feldspar, monoclinic sanidine and 
triclinic microcline, ani that there are feldspars 
structurally intermediate between them (Goldsmith and Laves, 
1954, (a and b), MacKenzie 1954). The s t ructural differ-
ence between them is known to be due mainly to the 
degree of order-disorder in the distribution of Si and 
Al atoms in the crystal structure. 
The unit cell of potash feldspar contains 16 
(Si+ Al) which in the monoclinic structure are divided 
into two sets of eight equivalent sites (Sil and Si2), 
ani in the triclinic structure are divided into four sets 
of four equivalent sites - (si1 (o), Si1 (m), Si2(o), 
Si2(m), Megaw (1956)). Barth (1959) has shown that 
theoretically there are three ideal structural end 
members for the potash feldspar series, each character-
ised by a special order-disorder pattern of Al - Si 
distribution. 
There are:-
1. High Sanidine - in whi ch the structure is monoclinic 
and the Si/Al distribution is 
completely disordered. 
This structure may be symbolized by the formula 
'J4 
'- . 
K(Al,Si) 4o8 , and t:re Al distribution pattern in the 
four sites Si1 (o) , Si1 (m) , Si 2(o) , Si 2(m) is . 25 , . 25, 
. 25, . 25, indicating 25~ of the total Al atoms in each 
of the four sites . 
2. Ideal or Hypothetical Orthoclase - is also monoclinic 
but the structure is partially ordered, 
and Al is d~ributed equally between 
the Si1 (o) and the Si1 (m) sites 
Thus the distribution pattern (in the same 
se ,1uence as above) is • 50 , • SO , O, O, and may be 
3. Maximum 1i icrocline - is triclinic and only one of the 
four sites, Si1 (m) is occupied by Al, 
the three remainLne uites being occupied 
by Si atoms . 
This structure is fully ordered, corresponding 
to the structural formula of KA1Si3o8 and an 11 distrib-
ution pattern of 6, 1 . 0 , O, O. 
Experimental studies and theoretical considera-
tions Lndicate that h i gh sanidine is the high temperature 
polymorph and that maximum microcline is stable at low 
temperatures . Ideal orthoclase is not common in nature 
and is probably unstable. It may be represented by 
monoclinic "orthoclases" Ni th very high 2V ' s , called 
iso-orthocalse by Barth (1933) . Both low sanidine and 
common orthoclase are more ordered than high sanidine. 
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Intermediate microclines are even more or dered and 
may vary from triclinic to almos t monoc l inic symmetry. 
Smith arxl MacKenzie (1961) have suggested that 
the ordering process in potash feldspars, from a dis-
ordered high sanidine to an ordered maximum microcline 
is usually a two-step process. That is ordering begins 
by segregation of aluminium from the Si2(o, m) sites 
into both the Si1 (o) and Si1 (m) sites in equal amounts 
so that monoclinic symmetry is retained. At a certain 
point in this process enrichment of the Si1 (m) site 
begins, the ~dspar loses its monoclinic symmetry, and 
the Si1 (o) site also becomes depleted in Al, until at 
maximum microcline the Al is located only in the Si1 (m) 
site. The first step is the ordering process between 
sanidine and common orthoclase, and the second is between 
orthoclase and maximum microcline. 
They have also suggested (MacKenzie, 1954; Smith 
and MacKenzie, 1961) that the amount of sodium in solid 
solution in p otash feldspars will influence the order-
dis order relationships and that at a particular tempera-
ture Al/Si disorder will occur more readily in mixed 
Na-K feldspars than in the pure K-feldspars. Goldsmith 
and Laves (1961) have conducted experiments showing 
that substitution of up to 25-30% of albite in potash 
f eldspar does not a:ff'ect the symmetry to any large 
degree. 
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A measure of the degree of order in potash 
feldspar can be obtained by determining the triclinicity 
(L:.), or by measuring the optic axial angle (2Vx)• 
Triclinicity, which has been defined by Goldsmith and 
Laves (1954) as equal to 12.5 (d 131 - d 131), is a 
measure of the angular deviation of~ and~ from 90°. 
In maximum microcline the triclini city is 1.0 and in 
monoclinic feldspar it is o.o. MacKenzie (1954) has 
used the 130 and 131 reflections in a similar manner 
to measure triclinicity. 
According to Marfunin (1961, 1962) the optic 
axial angle is a direct measure of Si/Al order-disorder, 
relationships, whereas triclinicity reflects both Si/Al 
order-disorder and sub-microscopic twinning. Thus 
increase in 2Vx represents an increase in order without 
increase in triclinic symmetry, whilst increase in ~ 
represents an increase in order accompanied by an 
increase in triclinic symmetry. Smith and MacKenzie 
(1961) also suggest that the optic axial angle is a 
function of the general development of order, and Brown 
(1962) has s hown that O •, hence triclinicity, is a 
measure of the second step in Smith and MacKenzie's 
ordering process. That is, triclinicity is a measure of 
the distribution of Al between the Si1(o) and S11 (m) 
sites. More recently Barth (1966, in press) has prepared 
a diagram showing the tentative relationships of both 
2V ani triclinicity to Si/Al distribution in the potash 
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feldspar series. This diagram is reproduced in Fig. 8. 
If Barth's interpretation is correct then it appears 
that the optic axial angle is a measure of the distribu-
tion of Al between the Si1 (o,m) and Si2(o,m) sites, 
whilst triclinicity is a measure of the distribution of 
Al between the Si1 (o) and the Si1 (m) sites as shown by 
Brown. Thus 2V and triclinicity are related to Smith 
and MacKenzie's first and second stage of ordering 
respectively, and therefore one would expect 2V to be 
sensitive to change in order at high temperatures whilst 
triclinicity would be sensitive to change in order at 
lower temperatures. 
There appears to be general agreement that the 
degree of ordering in potash feldspars can be correlated 
with temperature, and several recent papers (Heier, 1957, 
1960, 1961; Emeleus and Smith, 1959; Rao, 1960; 
Guitard et al 1960; Carter, 1962) have related the 
degree of ordering, as defined by either 2V or triclini-
city, to estimated temperatures or thermal gradients in 
natural rocks. 
Methods 
In this study the optic axial angles have been 
determined orthoscopicall y on a four-axis universal stage 
following the procedures outlined by Fairbairn and 
Podolsky (1951). Several crystals were measured in each 
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sliue, and both the average and range are biven in 
Table 3, together with triclinicity values, data on 
the perthite type, and estimates of strain effects in 
the host rock. The perthite classif'ication is a com-
promise between that of Anderson (1928) and Alling (1~ 38 ) . 
The triclinicity was determined on powdered potash 
feldspars separated by magnetic separators and heavy 
li quids from several pounds of rock. The separation of the 
131 and 131 were measured from charts obtained on a Phillips 
X-ray Liffractometer at a scann ing speed of .;- 0 29/minute, 
and the triclinicity determined by the me thod of Goldsmith 
and Laves (1954). As a check the 130 and 130 reflections 
were also scanned. \ here a broad, single 131 reflection vas 
present the triclinicity was determined by comparison with 
the nearby 022 reflection as proposed by Dietri ch (1962) . 
Potash Feldspars in Granit es 
In general there is a close correlation between 
increase in triclinicity and in 2Vx in the K- feldspars 
studied. They range from compl e tely monoclinic to maximum 
triclinici ty and the optic axial angle ranges from as 
little as 34° to 85° . The K- feldspars of high triclini-
city exhibit the typical "grid iron" microcline twinning, 
indicative of inversion from a less triclinic state 
~oldsmith and Laves, 1954) , whilst intermediate micro-
clines are characterised optically be marked undulatory 
TABLE 3 : THE STRLTCTURAL STATE OF FOTASH FELDSPARS IN GRANITES 
A : SUB- VOLCANIC GRA.NJTES 
QTZ . 
SA ,IPLE 
'2Vx 6 or PERTHITE STRAIN REMA.RKS TRICLINICITY TYIE EFFECT 
-- ,; 
E54/12/16 56° 0.10 Thin string Slight We ll defined monoclinic 
perthite peak for 131, 130 
rather broad 
E54/16/l 56° 0.0-0.23 String per- Slight to Well defined monoclinic 
thite with moderate peak for 130, r ather 
minor patch broad 131 
and vein 
perthite 
E55/5/7 56-60° o.oo Fine string Moderate Welldefined monoclinic 
l._59':} perthite peaks f or both 131 and 
130 
E55/5/28 64-65° 0.75 Patch and 1, oderate Broad, ragged, tri-
vein clinic peaks , with 
perthite strong monoclinc peak 
between 130 and 130 
.. ... , ... ~. -
E55/9/19 56-64° o.oo String Slight ,~ell defined monoclinic 
/J9J perthite peaks for both 131 and 130 . 
E55/13/ll 59-75° 0.0-0.31 Vein and Slight to Confusing 131, 130 
ff,2':J patch moderate sharp but with broad perthite ragged base. 
K55/15/2 34° 0.04 Not Nil ell defined monoclinic 
detected peaks. 
Vic 4 59-62° 0.12 Film and Slight Well def ined monoclinic 
/J,l.5J vein peaks. perthite, 
minor patch 
perthite 
Vic 5 59-66° 0 .01 Film perthite, Moderate ell define d monoclinic 
(!,2':J minor vein and peaks patch perthi te 
---
2V x'*A or PERTHITE QTZ . RE.,1ARKS SA.,'.PLE STRAIN 
'PhICLI1:ICITY TYPE EFFECT 
Vic 6 62-64.5° 0.19 Film and Nil \, ell defined monoclinic 
f63c:) vein peaks perthite 
Vic 45 50-57° 0 .06 Film perthite Slight Well defined monoclinic 
/34J 
minor vein peaks 
and patch 
perthite 
D53/4/5 73° ? 0 .01 Too strongly Nil Well defined monoclinic 
kaolinised peaks with broad 
for ragged base 
identifica-
tion 
D53/4/6 58-61° 0.07 String Slight Well defined monoclinic 
[59J perthite peaks 
D53/4/8 58-61° o.oo Thin film Slight to Well defined monoclinic 
89J perthite moderate peaks with broad bases. 
E53/8/6 710 0.69 Film and Very strong Triclinic with 
vein some recrystal- strongly deve l oped 
perthite lisat ion and monoclinic peaks 
deforming of between 131 and 
biotite 130. 
E53/8/8 44-62° o.oo Perthite Nil fe l l defined monoclinic 
81J 
absent, peaks 
homoe.,enous 
to x-rays 
!) : CO"IT.\CT AJ.H. OLE Gfili. T l'ES 
3A.,iPLl 
54° o.oo 
K.)5/7 /8 0 .05 
Perthite 
Type 
Bot h film 
and vein 
perthite 
Qtz . 
strain 
Effects 
Lil 
bundant film Slight 
perthite 
Remarks 
',',ell def ined ::ionoclinic 
peaks for both 131 and 
130. 
Nell defined monoclinic 
peaks for both 131 and 
130 . 
-· ~ - ---- -------- ~ .._..... ... .._ 
K55/7 / 11 :;2° 0 .04 
L55/7 /12 55° 0 . 31 
O.uO 
K55/7 /15 60° J .62 
l55/ll/2 78° 0 .81 
E55/6/2 80° 0 .81 
DJ2/8/5 79-84° 0 .96 
/_sl.5J 
D52/8/7 0 .92 
Film H i ght 
t erthite 
Patch " i l 
r erthite 
Abundant Slight to 
strint moderate 
Perthite 
Interlocking Nil 
string and 
patch 
perthite 
AbJndant Strong 
patch 
Perthite 
Patch and Strong 
vein 
Pert hite 
Vein 
Perthite 
with ,u inor 
string 
perthite 
String 
Perthite 
Joderate 
Slight 
1ell defined monoclinic 
peaks for both 131 and 
1.30 . 
Small_separation of 131 
and 131 however the 130 
apr,ears to be monoclinic 
1/ell defined monoclinic 
peaks for both 131 and 
130 . 
Triclinic with strongly 
developed monoclinic 
peaks 
" ell defined triclinic 
peaks. 
Yell defined triclinic 
peaks , wit h moderately 
developed mo,oclinic 
peak be tween 130 and 130 
Triclinic with sliJlt 
monoclinic peaks . 
,, ell o.efined. ricl inic 
peaks . 
-- Qtz. Pert hite 
SA ,.PIB 'ZVX 6 Type strain Remarks Effects 
D52/8/20 
0 80- 83 0 . 93 Fine film Strong 1rell defined t riclinic 
/ Perthite pea.ks . 
with minor 
vein and 
patch 
Perthite 
D52/8/ 21 0 70-84 0 .83 Film Strong Triclinic with slight 
!JlJ Perthite monoc linic peaks. 
--- -
D5 2/ 8/ 22 0 76- 83 0 . 91 Film and 11loderate Well defined triclinic 
/_Bo<:] string peaks . Perthite 
D52/8/23 0 79-84 0 .80 Minor film Moderate Tricli nic wi t h moder-
LBOJ and rod ately developed Perthite monoclinic peaks . 
D52/ 8/24 0 83- 85 0 .80 Film 
/.847 :?erthite Strong Triclinic with moder-ately developed 
monoclinic peaks . 
D52/8/ 25 80- 85° o .88 Film Joderate Triclinic with sl i ghtly 
/.82J Perthite develope d monoclinic peaks . 
D5 2/8/ 26 0 75-78 o .85 Film and .,ioderate ell defined t riclinic 
/J77 string peaks. Perthite 
D53/9/l 55-70° 0.19 String and Moderate Broad monoclinic peaks . 
f6o7 bleb For both 131 and 130 . Perthite 
C: REGIONAL AUREOLE GRA. .. 1:TES 
Perthite Qtz. 
SA.,:PI.E zvx Type strain Remarks Effects 
D52/8/10 82° 0.95 String Moderate \ ell defined triclinic 
Perthite peaks 
D52/8/ll 82° 0.94 String and Moderate Well defined triclinic 
film peaks. 
Perthite 
D52/8/14 82° 0.96 String and 1oderate Well defined triclinic 
film peaks. Slight mono-
Perthite clinic peak between 
130 and 130. 
D52/ 4/12 85° 0.93 Film and Moderate Well defined t riclinic 
string peaks. 
Perthite 
D52/4/21 83° 0.94 String Moderate ell defined tric l i nic 
Perthite peaks. 
D52/4/28 81° 0.91 1,i inor string Moderate Well defined triclinic 
Perthite peaks. Slight mono-
clinic peak between 130 
and 1.30. 
D52/4/31 84° 0.96 Film Strong Well def ined t riclinic 
Perthite peaks . Moderate mono-
clinic peak between 130 
and 130. 
D52/ 4/33 82° 0.89 Film and Strong Well defined triclinic 
vein peaks. Slight mono-
Perthite clinic peak between 130 
and 1.30. 
D52/4/18 80° o.87 String and Strong Well defined t riclinic 
vein peaks. 
Perthite 
D52/ 8/18 86° 0 .99 Abundant vein Strong Well defined triclinic 
and f i m peaks. 
Perthite 
D52/ 8/19 82° 0.94 Vein and Strong '/ell defined triclinic 
film peaks. 
Perthite 
6. Perthite Qtz . SAMPLE zvx Type strain Remarks Effects 
D52/4/22 840 0.94 String 1iloderate fe l l defined triclinic 
Perthite peaks 
D52/4/27 80° o.85 Strong Triclinic with strong 
monoclinic peak between 
130 and 1.30 • 
D52/8/9 
0 81-84 o.875 Film and Strong Well defined triclinic 
vein peaks. 
Perthite 
D52/8/12 78° 0.95 String and Strong Well def ined triclinic 
minor vein peaks . Slight mono-
Perthite clinic peak between 
130 and 130. 
D52/4/13 80° 0.95 Film, string Strong Triclinic with moderate 
and bleb monoclinic peak between 
Perthite 130 and 1.30 • 
D52/4/17 840 0.89 String and Strong Triclinic with moderate 
film monoclinic peak between 
Perthite 130 and 130. 
with minor 
ve i n 
Perthite 
D52/4/19 79° 0.91 String Moderate Well defined t riclinic 
Perthite to strong peaks, wi th small 
monoclinic peak 
between 130 and 130. 
D52/4/20 79° o.89 String and 1foderate Triclinic with moderate 
vein to strong monoclinic peak between 
Perthite 130 and 130 . 
D52/4/14 81° o.875 St ring Moderate Well defined triclinic 
Perthite peaks. 
D52/4/32 82° 0.79 String and Moderate ell defined triclinic 
minor vein peaks with moderate 
Perthite monocl inic peak bet ween 
130 and 130. 
P2 76° 0.81 Minor film Slight to Wel l defined t ric linic 
---
Perthite Moderate peaks. 
P4 
P5 
p6 
P7 
Pl3 
Pl5 
Pl6 
PR12 
SA21 
SA22 
SA23 
JSS/4/5 
68° 0 .54 
o .66 
0 65-78 0 .83 
!Jo5' 
73-76° 0 .75 
/J5J 
0.39 
0 .52 
0 64-68 0 .58 
f66J 
69-71° 0 .50 
lfoJ 
0 72- 82 0 .82 
/J8J 
53-66° o.oo 
[58J 
Perthite 
Type 
Minor film 
Perthite 
Perthite 
not 
detected 
Perthite 
not 
detected 
Film 
Perthite 
Perthite 
not 
detected 
Perthite 
not 
detected 
Film 
Perthite 
Film and 
String 
Perthite 
Film and 
Bleb 
Perthite 
Film 
Perthite 
Aoundant 
Film 
?erthite 
Film and 
string 
Pert hite 
tz . 
strain 
Effects 
Moderate 
Slight to 
moderate 
Sli£,ht to 
moderate 
Moderate 
Slight 
Slight 
Slight 
Slight 
Slight to 
moderate 
N oderate 
Sli 1.. ht to 
moderate 
Strong 
~ .. emarks 
Triclinic with small 
s eparation of 131 and 
131. 
,iell defined triclinic 
peaks 
Tell defined triclinic 
peaks . 
e l l defined triclinic 
peaks . 
Broad 131 with 
slight separation . 
Well defined, 
slightly broad si le 
131. 
Very broad single 131 
with slight suggestion 
of separation. 
Triclinic, with small 
separation of 131 
and. 131 . 
Very broad siO[_ le 
131 . 
Uell def ired triclinic 
peaks . 
.'/ell defined triclinic 
peaks . 
'/ell defined siOf,le 
peaks . 
Perthite Qtz. 
S~IPLE 2VX Type strain emarks Effects 
DJ3/4/2 
0 62- 70 0 .14 Rod and Bleb ;Joderate Well defined slightly 
ffi5~ 
Perthite broad sin[ le peaks . 
with minor 
string 
r erthite 
D53/l/4 60- 72° 0.20 Abundant rod Very Well defined slightly 
f65J and string Strong broad single peaks. Perthite 
l amellae 
D53/4/7 54-70° 0.15 Film Strong Hell defined single 
/!,OJ Perthite peaks with broad raggy bases . 
I5lh/l 0 63- 68 0 .10 Abundant rod Hell defined, sligitly 
/!,62_ and bleb br oad s i n£le peaks . Pert hite 
E54/16/6 0 68-70 0.75 String ,,1oderate Triclinic, wi th strong 
/-69J Perthite monocli nic peak . 
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extinction and poorly developed twinning. Several of 
the apparently monoclinic felds pars, with single, well 
defined 131 and 130 reflections, have a broad irregular 
base to these peaks , suggesting the presence of incipient 
triclinic domains. Christie (1962) has called such 
feldspars randomly disordered . Similarly, triclinic 
crystals with distinctly separated 131 and 131 
reflections (or 130 arrl 130) may have a single monoclinic 
reflection falling between the two. The size of this 
monoclinic peak can vary from weakly developed to very 
strongly developed. It can be taken as indicat jng the 
presence of monoclinic domains in essentially triclinic 
crystals . Similar patterns have been described by 
Harker (1954) and by Christie (1962). There is no 
apparent correlation with the environment of the host 
rock, but the degree to which such a monoclinic peak is 
developed reflects the overall symmetry of the feldspar. 
Thus in K-feldspars where the moclinic peak is absent or 
slightly developed the average triclinicity is 0.92, 
where moderately developed it is 0.87, and where strongly 
developed the average triclinicity is 0.73. Similarly 
in monoclinic feldspars with broad raggy bases to the 
131 and 130 reflections, the triclinicity is usually 
greater than o.o and may reach 0.30. 
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From Fig. 5 it can be seen that the orthoclase 
content of the feldspars increases with increasing optic 
axial angle and triclinicity. In other words the sodium 
content decreases slightly as ordering proceeds . This 
is in agreement with MacKenzie (1954) who suggested that 
albite is exsolved as ordering truces place. Furthermore 
in both diagrams two major groups can be distinguished , 
a disordered or orthoclase group with 2Vx around 50-65° 
and triclinicity ranging from o. o - 0 . 3 , and an ordered 
or microcline group with 2Vx around 75- 85° and triclini-
city ranging from 0 . 8 to 1. 0 . The disordered orthoclase 
group is inclined to be poorer in K- feldspar than is the 
ordered group , ranging from or48 - or84 , compared with a 
range of or66 - or90 in the more ordered microcline group . 
The orthoclase group consists mostly of K- feldspars from 
Sub-Volcanic granites . K- feldspars from Contact Aureole 
granites fall into both groups, and those from Regional 
Aureole granites although occurring predominantly in the 
microcline group, form a link of intermediate microclines 
between the two groups . 
These features are illustrated by histograms show-
ing the frequency distribution of triclinicity and optic 
axial angle in K- feldspars from the three granite types 
(Fig. 6, 7) . When all the granites are put together the 
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Fig. 5: The correlation of optic axial angle and triclinity with composition in potash feldspars from granites. 
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the two groups mentioned previously are clearly seen. 
Dietrich (1961, 1962) has prepared similar frequency 
diagrams for the triclinicity of potash feldspars and 
s.everal authors have commented on the bi-modal nature 
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of the distribution. It is seen here (Fig. 6) that a 
similar bi- modal distribution alooexists in the case of 
the optic axial angle. When the K- felds pars from the 
three gra r. i te groups are considered separately, these 
bi-modal distributions are no longer valid, and it woud 
appear that confusion has originated because of the lump-
ing together of K-feldspars from widely differing 
environments. 
Sub-Volcanic Granites 
In the case of the Sub-Volcanic granites the 
potash feldspars exhibit an essentially unimodal 
distribution for both triclinicity and optic axial angle. 
They are orthoclases having almost monoclinic symmetry 
with triclinicity commonly less than 0 . 2 and with a 
modal 2VX of 55-60°. One sample, K55/15/2, is a 
sanidine with a low 2V of 34°. Perthites in this group 
are predominantly film and string perthite, with minor 
vein and patch perthite. A few of the K- feldspars from 
Sub-Volcanic granites have intermediate triclinicities 
with high 2V's ranging from 70-75°. Although of 
intermediate triclinicity the pea~s are broad and ragged, 
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indicating random disorder. This is further confirmed 
by the presence of strong monoclinic peaks accompanying 
the 131 and 131. The perthite , mostly vein and patch 
perthite, is also unusual for these granites. In all cases 
these rocks show evidence of strain with recrystallised 
quarts and deformed biotite and the partial ordering of 
these feldspars is thought to be due to post-magmatic 
defomration and recrystallization. 
Dietrich (1962) has shown that sanidine and ortho-
clases from volcanic rocks have triclinicities less than 
0.18 . Similarly Bowen and Tuttle (1958 ) , in a co mparison 
of the K- feldspars from the Beinn an Dubhaich granite with 
those from other rock types, have given the 2V of K-
feldspars from the Mono Lake obsidian, California as 46 + 
1°, and Crook (1962) found the range of optic axial angle 
of feldspars in the Crowsnest Volcanics, Alberta to be 
from 35° parallel to (010) to 50° perpendicular to (010) . 
Thus it is seen that potash feldspars from Sub-
Volcanic granites are almost monoclinic as are potash 
feldspars from volcanic rocks, and that the 2Vx is slightly 
higher suggesting a somewhat more ordered form . This is to 
be expected if these granites are to be interpreted as 
slower cooling var·iant s of the associ a. ted acid volcanics 
since 2V is sensitive to ordering at high temperatures 
(see above) whilst triclinicity is more sensitive than 
2V at lower temperatures . 
MacKenzie and Smith (1962) have shown that the 
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Beinn an Dubhaich, Mourne, and Arran granites, all 
Sub-Volcanic granites according to the classification 
used in this study, have 2V's ranging from 41-66°, a 
similar range to the Sub-Volcanic granites considered 
here. Similarly in all three cases the potash 
feldspar phase was observed to be monoclinic by single 
crystal X-ray diffraction studies. 
Regional Aureole Granites 
In the Regional Aureole granites the K-feldspars 
are also unimodal for both the op tic axial angle and 
triclinicity distributions. In this case however, 
although there is a strong maximum at 80-85° for the 
2VX and 0.9 - 1.0 for the triclinicity, there is also 
broad dispersion in both cases. The optic axial angles 
range from 55-86° and the triclinic i t y ranges from 
0.0-1.0. The perthites are highly variable ranging from 
film to patch and vein perthite, and there is no 
evident correlation with rock types. 
The value s for both triclinicity and 2Vx 
correspond remarkably well with the environment in which 
the granite occurs. Thus there is a decrease in both 
2VX and triclinicity in potash feldspars from granites 
in granulite facies terrains compa red with potash 
feldspars from granites in amphibolite facies terrains 
(Table 4). 
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TABLE 4: VAR I ATION OF TRICLINICITY AND OPTIC AXIAL 
ANGLE IN REGIONAL AUREOLE GRAN ITES FROM 
'rERRA INS OF DI FFERING MET.AM ORPHIC GRADE 
Regional Aureole Granite Triclinici ty Optic Axial Angle 
Type Range Mean Range Me an 
Low amphibolite f'ac ies 
granites .79 - • 99 .92 78 - 86° 82° 
High amphibolite 
- 78° 70° facies granites .oo - .83 • 59 58 
-
Granulite f'acies 
granites .10 - • 20 .15 60 - 66° 64° 
A similar rel ationship has been found in meta-
morphic rocks by Heier (1957, 1960, 1961) and Guitard et 
al (1960), where there is a cor responding decrease in 
triclinicity and optic axial angle, hence decrease in 
order, with increasing grade of metamorphism. Although 
the trend reported here i s the same as that noted by 
Heier the correlation of actual values is not good. In 
this study the granites associa ted with a particular 
grade of' metamorphism contain K-f'eldspars with higher 
optic axial angles than in the co r· resp onding metamorphic 
rocks studied by Heier. This may be because the granites 
have attained equilibrium at slightly lower temperatures 
than the associa ted metamorphics. For instance this 
appears to be the case with the Pa lmer granite (White, 
Compston and Kleeman, in preparation). Furthe rmore the 
triclinicities rep orted by Heier are high or monoclinic, 
35. 
intermediate types were not identified. This may be 
because Heier did not allow for line broadening; some 
of his monoclinic feldspars could be of an intermediate 
type with single broad 131 peaks. Despite these in-
consistencies it is clear the degree of ordering in 
potash feldspars can be correlated with the grade of 
metamorphism of the associated metamorphic rocks. 
Contact Aureole Granites 
In the Contact Aureole granites both the optic 
axial angle and the triclinicity exhibit a distinct bi-
modal distribution (Figs. 6 and 7). Intermediate types 
are rare, and both orthoclase and microcline granites 
are present in this group. The orthoclase-bearing 
granites are remarkably similar to the Sub-Volcanic 
granites. The optic axial angle ranges from 50-70° 
with a modal value of 55-60°, and the triclinicity is 
low, mostly less than 0.2. The microcline-bearing 
granites contain K-feldspars with optic axial angles 
ranging from 75-85° and triclinicities ranging from 
0.8 - 1.0 as in the Regional Aureole granites associated 
with metamorphic rocks of low amphibolite facies. The 
perthite in both the microcline - and orthoclase -
bearing Contact Aureole granites are similar, being 
essentially film and string perthite with minor patch 
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and vein perthite. The microcline granites contain 
moderately or strongly strained and recrystallized quartz, 
in contrast to the orthoc lase granites which appear to 
be strain free. 
The presence of these two distinct groups 
presents something of an anomaly, since one would expect 
a complete transition from orthoclase-bearing to micro-
cline-bearing granites, depending principally on the 
rate of cooling and the lowest temperature at which 
equilibrium was attained. There are five possible 
explanations for the presence of these two sub-groups:-
(1) Instability of intermediate K-feldspars 
(2) The presence of two separate and unrelated granite 
types within the Contact Aureole granites. 
(3) The tectonic deformation of crystalline orthoclase 
granites to pr oduce microcline granites. 
(4) Post-magmatic recrystallisation of initially 
orthoclase-bearing granites by hydrothermal 
autometamorphism. 
( 5) Insufficient samples studied. 
From the data obtained on potash feldspars 
from Regional Aureole granites, there is no evidence 
of a hiatus which would indicate unstable intermediate 
feldspars . Rao (1960) observed apparently stable 
intermediate K-feldspars in the progressive thermal 
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metamorphism of microcline gneisses by intrusive 
permian nordmarkite. Thus intermediate feldspars 
app ear to be stable where changinf thermal conditions 
are encountered. The presence of only a few feldspars 
of intermediate triclinicity among the Contact Aureole 
granites would suggest that ther e has not been a 
decreasing thermal trend between the orthoclase- and 
microcline-bearing granites. This then tends to support 
the argument that these t wo t ypes are completely unrelated 
to one another in origin. A further possible explanation 
is that the microcline granites may have originated 
from orthoclase bearing granites by tectonic deformation. 
This does not a ppear likely, since deformation of ortho-
clase bearing Sub-Volcanic granites produces randomly 
disordered intermediate microclines with both monoclinic 
and tr iclinic domains. The majority of mic r ocl ine s in 
the Contact Aureole granites are not of this type, they 
are well ordered with hi gh triclinicities as was stated 
earlier . The few intermediate microclines in the Contact 
Aure ole granites are similar to the randomly disordered 
microclines of the Sub-Volcanic granites and have 
probably originated in the manner suggested. A more 
likely explanation however is that the microcline-
bearing Contact Aureole granites have originated by 
post-magma tic hydrothermal autometamorphism of original 
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orthoclase-bearing granites under temperature conditions 
similar to those in the low amphibolite facies. 
Si/Al Ordering 
In Fig. 8 the triclinicity and optic axial 
angles of the feldspars from dif'ferent granite groups 
have been plotted on a tentative diagram prepared by 
Barth (1966 in press) relating these properties to the 
degree of Si/Al order-disorder in the feldspars. The 
differences between t~ various granite groups are 
clearly brought out on this diagram. The Sub-Volcanic, 
granulite facies Regional Aureole granites, and ortho-
clase bearing Contact Aureole granites lie on the low 
triclinicity side of the diagram with 2Vx ranging 
mostly from 50-65°, whilst the low amphibolite facies 
Regional Aureole granites and the microcline-bearing 
Contact Aureole granites fall within the maximum micro-
cline apex of the triangle. The upper amphibolite facies 
Regional Aureole granites and the tectonically deformed 
Sub-Volcanic and Contact Aureole granites form a band 
of intermediate microclines transitional between the 
two previous groups. 
Barth's diagram can be used to estimate the 
tentative distribution of aluminium in the four tetra-
hedral sites of the feldspars, and these in turn can be 
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used to calculate the distant order function for the 
feldspars. The distant order function (S), which is 
an overall measure of order in the feldspars based 
on the distri but i on of Al betwee n the four tetrahedral 
sites, has been g iven by Smith and MacKenzie (1961) 
as:-
s = 
i = 4 
L 
i = 1 
o. 25 - $-h 
1. 50 
Where Si is the distribut i on of Al in the four 
tetrahedral sites. 
The tentative distribution of aluminium in 
the four sites, and the distant order f'unction have 
been calculated from the modal data for each granite 
group (Table 5). 
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TABLE 5: THE TENTATIVE Al CONTENT OF TETRAHEDRAL SITES 
AND DISTANT ORDER FUNCTIONS OF POTASH 
FELDSPARS IN GRANITES 
Granite Type Si1 (o) Si1 (m) Si2(o) Si2(m) (S) 
Sub-Volcanic granite .35 • 39 .13 .13 • .i?. 
Orthoclase-bearing 
Contact Aureole granites .35 .39 .13 .13 • 2£ 
Microcline-bearing 
Contact Aureole granites .06 .90 .02 .02 .fil 
Regional Aureole granites 
- granulite facies • 31 • 47 .11 .11 0.31. 
Regional Aureole granites 
- upper amphiboli te .15 • 73 .06 .06 • 21± 
facies 
Regional Aureole granites 
- lower amphiboli te .03 .95 .01 .01 • 2.2. 
facies 
The data presented in Table 5, together with data 
from a few other, more disordered Sub-Vcilianic feldspars 
have been used to prepare a diagram (Fig. 9) showing the 
possible course of Al segregation during the ordering of 
potash feldspars. The similarity between Fig. 9 and a 
similar diagram prepared by Smith and MacKenzie (1961) 
from accurately determined structural data is encouraging 
and suggests that Barth's diagram gives a reasonable 
representation of the structural relationships in 
natural potash feldspars. 
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Fig, 9: Aluminium segregation during the ordering of potash feldspars 
in granitic rocks. 
(A) Sub-Volcanic granites; 
(B) Orthoclase-bearing Contact Aureole granites; 
(C) Regional Aureole granites - granulite facies; 
(D) Regional Aureole granites - upper amohibolite facies; 
(E) Microcline-bearing Contact Aureole granites; 
(F) Regional Aureole granites - lower amphibolite facies. 
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Several authors (Laves, 1960; Smith and 
MacKenzi e, 1961; MacKenzie and Smith, 1961; Brown, 
1962) have suggested that the distant order function 
(S ) is directly related to temper a ture, and have 
attempted to correlate the two. Most of these estimates 
are based on the hydrothermal synthesis of sanidine from 
microcline by Goldsmith and Laves (1954) at a temperature 
of 525°c., and on Barth's (1959) estimate thut K-feldspars 
become f'ully ordered at about 300°c. It is not known 
how reliable these estimates are since it is probable 
that the sanidine synthesised by Goldsmith and Laves was 
metastable (MacKenzie and Smith,- 1961). Heier (1957, 
1961) has shown that microclines become fully ordered 
close to the greenschist - amphibolite facies transition; 
0 
thus whether one accepts Barth's estimate of about 300 C. 
for maximum ordering will depend on the temperature 
preferred for the greenschist - amphib olite facies 
transition. Because of these uncertainties it appears 
best to use the distant order function (or 2Vx and 
triclinicity) of potash feldspars as a relative geo-
thermal indicator. 
Thus it appears from Table 5 that the various 
granite types attained equilibrium at progressively 
decreasing temperatures be ginning with the Sub-Volcanic 
and orthoclase-bearing Contact Aureole granites; 
followed by the Regional Aureole granites associated 
with granulite facies rocks; then those associated 
with upper amphibolite facies rocks; next the micro-
cline-bearing Contact Aureole granites, and finally 
the Regional Aureole granites associated with lower 
arnphibolite facies rocks. 
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These relative indications of temperature 
become more meaningful when compared with other geo-
logical processes. Thus using the data of Crook (1962), 
Dietrich (1962) and Bowen and Tuttle (1958) it is 
possible to calculate that acid volcanic rocks have 
distant order functions ranging from O.l to 0.21. 
The granulite facies rocks studied by Heier (1960) 
have an average distant order function of about 0.22, 
and his amphibolite facies rocks have distant order 
functions ranging from about 0.9 to 1.0 for the green-
schist - amphibolite facies transition to about 0.4 
in the upper amphibolite facies. The transition from 
intermediate microcline to orthoclase has been taken 
by Heier (1957, 1960, 1961) as indicating the boundary 
between the granulite and amphibolite facies. Guitard 
et al (1960) have found orthoclases in the granulite 
facies and in the sillimanite - almandine sub-facies 
of the amphibolite facies, and intermediate microclines 
in the stau~olite-quartz sub-facies of the amphibolite 
facies . Since most orthoclases have triclinicities 
up to about 0.2, then the t r ansition intermediate 
microcline to orthoclase occurs at a distant order 
function of about 0.4. 
From these considerations it is reasonable to 
suggest that Sub-Volcanic, and orthoclase-bearing 
Contact Aureole granites are of similar origin, and 
that both have attained equilibrium at higher temper-
at ures than any of the other granites considered. 
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These temper atures are somewhat lower than the 
crystallization temperatures of associated acid 
volcanics, but above the tempe rature of the amphibolite-
granulite facies transition. If the microcline-bearing 
Contact Aureole gra nites are related to the orthoclase-
bearing Contact Aureole granites they must have been 
recrystallized, or re-ordered, probab ly by late- or 
post-magmatic hydrothe rmal autometamorphism at temper-
atures corresponding to those of the lower amphibolite 
facies. All of the Regional Aureole granites contain 
potash feldspars having similar, or slightly lower, 
distant order functions to the associa ted metamorphic 
rocks . The feldspars from granites associated with 
granulite facies rocks have distant order functions 
indicating an equilibrium temperature close to the 
granulite - amphibolite facies transition, whilst the 
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f eldspars from granites associ a ted with upper amphi-
bolite facies rocks have distant order functions 
indicating equilibrium temper a tures within the amphi-
b olite facies. The Regional Aureole granites associa ted 
with lower amphibolite facies rocks contain feldspars 
with distant order functions indicat ive of temper a tures 
close to the amphibolite - greenschist facies transition. 
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THE CHEMISTRY OF POTASH FELDSPARS 
Major Elements 
Potash feldspars from 71 of the granites 
studied in this thesis have been analysed for Si02 , 
Al2o3 , Fe 2o3 , Cao, K2o and Na 2o. P2o5 has also been 
determined in 59 of the samples. The analyses of these 
feldspars are given in Table 6, together with the 
molecular percentages of the major feld spar components, 
orthoclase , albite and anorthite. These molecular 
percentages are plotted in Fig. 10 which is a projection 
of a portion of the Or-Ab-An-H20 system at 5,000 bars 
H2 pre s sure (Yoder et al, 1957). The original diagram 
given by Yoder et al has been converted to molecular 
percentages. Structural formulae are not given because 
some of the feldspars, particularly those prepared at 
the beginning of this study when the composition was to 
have been determined by X-ray diffraction methods, contain 
~uar tz impurities. These impurities will not affect the 
relative proportions of the major feldspar components, 
nor will they affect the coherence of trace elements with 
the major elements. The quartz impurities were tolerated 
in an attempt to avoid fractionation of perthite during 
separation of potash feldspars with heavy liquids. 
Sodium was determined by flame photometry, using 
TABLE 6: THE CHEMICAL COiilPOSITION OF POTASH FELDSPARS FRO Yi 
GRANITIC ROCKS 
A: SUB- VOI.CANIC GRANITES 
s54/12/16 E54/lb/l E55/5/7 E55/5/28 
Si02 67.62 70 .04 66 .63 65 .52 
Al2o3 18 .67 17 .18 18 .62 18 .80 
'Je20 3 0 .41 0 .36 0 .18 0.23 
Ca·~ 0 .53 0 .36 0 .45 0 .14 
BaO 0 .20 0 .01 0 .20 0 .02 
3r0 0 .01 tr 0 .02 tr 
.a2v 4 .85 4 .22 2.38 2.85 
l.20 7.20 8 .48 12 .66 12 .51 
Rbi 0 .03 0 .06 0 .06 0 .12 
P2' s 0 .01 0 .05 0 .09 0 .03 
.ot 11 99 .53 10 .76 101.29 l J0 .22 
Or (mol ,.,) 47 .9 55 .8 76 .o 73 .8 
Ab(mol ;~) 49 .1 42 .2 21.7 25 .5 
An(mol 10) 3 .0 2 .0 2.3 0 .7 
E55/9/19 
66 .34 
18 .48 
0 .22 
0 .70 
0 .08 
0 .01 
3.45 
9.89 
0 .09 
0 .13 
99 .21 
62 .9 
33 .4 
3.7 
E55/13/ll K55/15/2 E53/8/6 
.)iO~ 
L 
68 .78 64 .01 65 .60 
Al203 17.65 20 .57 18 .62 
Fe2o3 0 .61 0 .37 0.32 
Cao 0.42 1.58 0 .29 
BaO tr 0 .61 0 .29 
SrO tr 0 .33 0 .02 
.!a2o 4.45 3.16 2.72 
r,20 8 .33 9.20 12 .10 
•. b20 0 .08 0 .04 0 .05 
Pls n . d. 0 .08 0.03 
Tobl 100 .32 99 .95 100 .04 
Orlmol 1v) 53 . 9 60 .0 73.4 
Ab(mol 1~) 43 .8 31.3 25 .1 
An(mol 10) 2 .3 8.7 1.5 
vie 4 v ie 5 Vic 6 Vic 45 
Si02 6L, .l5 64 .20 65 .31 65 .42 
Al203 19.19 18.76 19.04 18.82 
.ei3 0 .54 0 .34 0 .53 0 .36 
CaO 0 .47 0 .30 0 .46 0 .44 
BaO 0 .61 0 .24 0 .49 0 .32 
3r0 0 .05 0 .02 0 .02 0 .02 
Na2o l.83 1.75 l. 93 3 .32 
i.20 13 .46 13 .38 12.70 10. 94 
Rb20 0 .04 0 .04 0 .03 0 .05 
P20s 0 . OL~ 0 .05 0 .04 0 .14 
Total 100 .38 99.08 100 .55 99 .83 
Or(mol )v) 80 . 9 82 .2 79 .3 66 .9 
Ab(mol 1o) 16 .7 16.3 18.3 30 . 9 
An(mol 1; ) 2.4 1.5 2 .4 2 .2 
D53/4/5 D53/4/6 D53/4/8 
Si02 65 .33 65 .42 66 .27 
Al2o3 18 .83 18 .43 18.09 
i e 0 2 3 0.23 0 .42 0 .35 
CaO 0 .35 0 .25 0 .28 
BaO 0 . 26 0 .14 0 .19 
.3r0 0 .06 0 .01 0 .01 
:.ai 3 .35 2 .78 2 .91 
K.20 11.20 12 .32 11.45 
Rbi 0 .06 0 .06 0 .06 
Po> 2 g 0 .03 0 .05 0 .13 
Total 99 .70 99 .88 99 .74 
Or(mol ,;t.;) 67 .5 73.5 71.1 
Ab(mol 16) 30 .7 25 .2 27.4 
An(mol 10) 1.8 1.3 1.5 
B: COliT C'L' AlJ~Oh GRA.fITES 
I56/5/.3 K55/7/8 K55/7/ll 55/7/12 
Si02 64.36 64.70 64.79 66.88 
Al2o3 18. 90 19.04 19.50 19.05 
?e203 0 .16 0 .30 0 .40 0 .36 
CaO 0 .36 o.68 1.51 0.40 
BaO 0.23 0.13 0.46 0.02 
SrO 0.04 0.02 0.04 tr 
I,a20 2.33 3.55 2.88 5 .30 
1.20 13.27 10.97 11.26 8.23 
Rb20 0 .05 o.oo 0.02 0.10 
po-2 s n . d . 0 .11 0 .19 0 .11 
Tota l 100 .70 99 .56 101.05 100 .46 
Or(mol 1o) 77.5 64 .8 64 .5 49 .5 
.\b (mo l 1o) 20 .7 31.8 27 .3 48 .5 
An (mol 1o) 1.8 3.4 8 .2 2.0 
. 'I 
K55/7/14 K55/7/15 K55/ll/2 
3i02 65 .91 65 .01 64 .86 
Al203 18.05 18 .92 18.76 
Fe 0 2 3 0 .61 0 .12 0 .75 
CaO 0 .53 0 .17 0 .14 
BaO 0 . 28 0.02 0 .01 
SrO 0.02 tr tr 
i;a2o 2 .65 2 . 87 2 .11 
l:\.20 11.65 12.24 12 .88 
Rb20 0 .05 0 .10 0 .18 
P20s 0 .03 0.26 0 .06 
'l'otal 99 .78 99 .71 99 .75 
Or(mol ) ) 72 .3 73 .1 79.5 
Ab(mol Jb) 25 .0 26 .1 19.8 
An(mo l J;) 2.7 0.8 0 .7 
E55/6/2 D52/8/5 D52/8/7 D52/8/20 D52/8/21 D52/8/22 
Si02 64.65 71.99 66.02 64.80 64.19 65.07 
Al2o3 19.41 15.50 18 .29 18.94 18.70 18 .86 
Fe2o3 0.37 0.35 0.21 0.07 0.11 0 .17 
CaO 0.52 0 .39 0 .53 0.27 0.30 0 .50 
BaO 0.12 0.11 0.01 0.47 0.43 0.52 
SrO 0 .02 0.02 0 .01 0.05 0.03 0.05 
na2o 3.09 2.74 2.68 1.50 1.48 1.92 
K20 12 .45 8 .99 11.12 14.95 14.63 13.75 
Rb20 0.06 0.04 0.07 0 .05 0.06 0 .05 
P20s 0.03 0.03 0 .13 n . d . n . d. n .d. 
Total 100.72 99 .99 99 .07 101 .05 99.93 100 .89 
Or(mol 1~) 70.8 66.7 71.1 85.6 85 .4 80 .5 
Ab(mol r6 ) 26.7 30.9 26 .1 13.1 13.1 17 .1 
An(mol l;) 2 .5 2.4 2.8 1.3 1.5 2.4 
Si02 
Al203 
Fe2o3 
CaO 
BaO 
SrO 
~a2o 
Ki 
Rb20 
P20s 
Total 
Or(mol Jo) 
Ab(mol %) 
An(mol 1") 
D52/ 8/23 D52/8/24 D52/8/ 25 D52/8/ 26 D53/9/l 
63 .86 
18 .86 
0 .33 
0 .80 
1.24 
0 .17 
2 .01 
12 .55 
0 .02 
n . d . 
99 .84 
77.1 
18 .8 
4 .1 
64 .33 
19.10 
0 .23 
0 .42 
o .84 
0 .11 
1.92 
13 .44 
0 .03 
n . d . 
100 .42 
80 .4 
17 .5 
2 .1 
65 .35 
18 .86 
0 .10 
0 .30 
0 .16 
0 .01 
1.70 
V. .41 
0 .12 
n . d . 
101 .01 
83 .6 
15 .0 
1.4 
65 .18 
18 .99 
0 .10 
0 .27 
0 .18 
0 .01 
1.68 
14 .90 
0 .09 
n . d . 
101.49 
65 .04 
18.66 
0 .22 
0 .23 
0 .75 
0 .06 
1.58 
13.52 
0 .03 
0 .06 
100 .15 
83 .9 
14 .9 
1.2 
C: REGI GNAL AUREOLE GRANITES 
D52/8/10 D52/8/ll D52/8/14 D52/4/12 
Si02 6) .15 68 .52 67 .29 65 . 24 
Al2o3 l e, . 74 l t> . 03 17 .78 18.55 
_e203 0 .40 0 . 83 O .59 0 .62 
Cao 0 . 32 0 . 26 0 .22 0 .18 
Ba0 0 .18 0 .36 0 .01 0 .11 
SrO 0 .01 0 .02 tr 0 .01 
;:a2o 1.94 1.67 2 .47 1.13 
t20 12 .85 11 .46 11.24 14.40 
.ttb20 0 .07 0 .03 0 .15 0 .05 
P20s 0 .07 0 .04 0 .05 0 .02 
~otal 99 .73 99 .82 99 .80 10~, . 31 
Or (mol 10) 80 .0 80 .6 74 .0 88 .6 
b(rnol ,.,) 18 .3 17.9 24 .7 10.5 
A (mo l 10) 1.7 1.5 1.3 0 .9 
SiO 2 
Al203 
"'e 0 ~ 2 3 
CaO 
Ba .... 
SrO 
ra2o 
KO 
'--
~.b20 
Pis 
7ot al 
Or(rnol ?-") 
Ab (mol 1o) 
An(mol >.,) 
D52/4/21 
65.49 
L .99 
0.74 
0 .35 
0 .17 
0 .01 
1.73 
12 .65 
0 .06 
0 .01 
100 .20 
81.2 
16.9 
1.9 
D52/4/28 
65 .41 
19.34 
0 .59 
0 .37 
0 .17 
0.01 
2 .19 
11.83 
0 .05 
0 .04 
100.00 
76.5 
21.5 
2 .o 
052/4/31 
65 .68 
18.23 
0 .45 
0 .36 
0.16 
0.01 
2 .37 
11.99 
0 .07 
0 .03 
99 .35 
75.4 
22 .7 
1.9 
D52/4/33 
6:, .19 
18.86 
0.30 
0 .24 
0 .32 
0.03 
1.63 
14.18 
0.05 
0.02 
100.80 
84 .1 
14.7 
1.2 
D52/4/18 D5 2/ 8/18 D52/8/19 D52/4/22 D52/4/27 
Si02 65 . 82 66 .44 66 .23 66 .02 71 .49 
Al203 18.83 17.89 18 .23 18 .25 14.96 
·e203 0 .39 0 .59 0 .72 0 .55 0 .79 
~aO 0 .19 0 .20 0 .44 0 .34 0 .49 
BaO 0 .05 0 .09 0 .14 0 .22 0 .14 
JrO 0 .01 0 .01 0 .01 0 .02 0 .02 
i.a2o 2 . 35 1.75 2 .53 1.89 2 .52 
K2o 12 .61 12.31 12 .20 12 .39 9 .17 
Rb20 0 .05 0 .08 0 .07 0 .05 0 .04 
' Pi~ tr 0 .04 0 .05 0 .07 0.02 
'rotal 100 .30 99 .40 100 . 62 99 .80 99 .64 
Or(mo l ,J) 77.2 81.3 74 .3 79 .7 68 .4 
nb(mo l ;&) 21.8 17 .6 23 .5 18 .5 28 .5 
An(mol 16) 1.0 1.1 2 .2 l.8 3 .1 
Si02 
Al2o3 
_"'e203 
CaO 
BaO 
SrO 
:,a2o 
I,
2
0 
Rb20 
P20s 
Total 
Or(mol ,o) 
Ao(mo l ,~) 
An(mol 1~) 
D52/8/9 
6:i .02 
18.85 
0 .43 
0 .54 
0 . 25 
0 .03 
1.99 
12 .59 
0 .04 
0 .03 
99 .77 
78.4 
18 .8 
2. 8 
D52/8/12 
65 .11 
19.01 
0.67 
0 .23 
0 .41 
0 .02 
1.88 
12 .77 
0 .03 
0 .08 
100 .21 
80 .7 
18.1 
1.2 
D52/4/13 
b_,, .87 
18.09 
0.64 
0 .38 
0 .58 
0 .03 
2 .36 
11.44 
0.02 
0.04 
99 .45 
74. 6 
23 .3 
2 .1 
D52/4/17 
65 .90 
18.40 
0.61 
0.60 
0.37 
0 .04 
2.25 
11.81 
0 .03 
0 .08 
100 .09 
75.1 
21.7 
3 .2 
Si02 
Al2o3 
Fe2o3 
CaO 
Ba) 
,3r0 
Na20 
K2o 
Rb~O 
,: 
P20s 
1'otal 
Or(mol ;b) 
Ab(mo l ~b) 
An(mo l fo) 
D52/4/19 
67.55 
17 .60 
0 .56 
0 .52 
0 .23 
0 .03 
2.11 
10 .98 
0 .05 
tr 
99 .63 
75 .1 
21.9 
3.0 
D52/4/20 
65 .74 
18.77 
0 .37 
0 .48 
0 .51 
0 .05 
2.00 
12 .32 
0 .04 
0.02 
99.85 
78.1 
19.3 
2 .6 
D52/4/14 
65 .45 
18 .95 
0 .63 
0 .76 
0.78 
0 .03 
1.89 
11.55 
0 .04 
tr 
100 .08 
76 .7 
19 .1 
4 .2 
D52/4/32 
66.65 
17 .95 
0 .39 
0.65 
0 .27 
0 .03 
2.65 
11.39 
0 .04 
0 .04 
100 .06 
71.4 
25 .2 
Si02 
Al2o3 
Fe2o3 
CaO 
BaO 
SrO 
~ai 
K2o 
Rb2o 
P20s 
Total 
Or(mol /o) 
Ab(mo l ) ) 
An(mo l %) 
p 2 
65 .04 
18.27 
0.08 
0 .34 
0.16 
0.02 
1.12 
14.38 
0.04 
0 .02 
99.47 
87 .8 
10.4 
1.8 
P4 
65 .20 
18 .96 
0 .16 
0.20 
0 .13 
0.01 
1.33 
14.71 
0.05 
o.oo 
100.75 
87 .0 
12.0 
1.0 
p 5 
65.09 
18 .89 
0 .28 
0.34 
0.17 
0 .01 
1.49 
14.55 
0.05 
o.oo 
100, 87 
85 .1 
1.3.2 
1.7 
p 6 
64.79 
19.01 
0.22 
0.18 
0 .13 
0 .01 
l .Ol+ 
15.27 
0.05 
o.oo 
100 .70 
89 .8 
9 • .3 
0.9 
p 7 
65 .48 
18 .65 
0.20 
0.20 
0 .09 
0.01 
1.16 
14.86 
0 .05 
0.01 
100 .71 
88 .5 
10.5 
1.0 
Ji02 
Ali3 
Fe2o3 
CaO 
BaO 
3r'J 
.. a2'J 
i\.20 
Hb20 
P20s 
Total 
Or(mo l 1i) 
Ab(mol 1..,) 
An(mol ,b) 
Pl3 
64 .70 
18 .62 
0 .07 
0 .02 
0 .40 
0 .02 
0 .99 
15 . 36 
0 .04 
nil 
100 .22 
91.0 
8 . 9 
0 .1 
Pl5 
64 .26 
18 . 90 
0 .10 
0 .19 
0 .40 
0 .03 
1.02 
14.97 
0.03 
0 .20 
100.10 
89 .7 
9 .3 
1.0 
Plo 
64 .72 
18 . 36 
0 .10 
0 .12 
0 .45 
0.02 
o . 88 
15 .10 
0 .03 
0 .01 
99 .79 
91.3 
8.1 
o .6 
PR12 
65 .32 
18 .72 
0 .07 
0 .09 
0 .37 
0 .03 
0 .94 
15 .14 
0 .03 
o.oo 
100 .71 
90 .9 
8 .6 
0 .5 
3i02 
Al2o3 
:?e203 
Cao 
BaO 
JrO 
.. a2o 
L2l, 
nbi 
P205 
'iotal 
Or( nol /~) 
ab(mol 1~) 
n(mol ,~) 
SA 21 
65.12 
18 . 68 
0 .14 
0 .15 
0 . Ll 
0.02 
1.13 
14.83 
0 .04 
o . oo 
100.52 
88 .9 
10.3 
o .8 
'A 22 
64 . 91 
18 .89 
0 .20 
0 .1 .1. 
0 .13 
0 .01 
1.21 
14 .61 
O . ( 5 
0 .03 
100 .15 
88 .4 
11.1 
o .6 
S 23 
64 .93 
18 .75 
0 .28 
0 .16 
0 .16 
0 .01 
o .87 
15 .50 
0.05 
0 .01 
100 .72 
91.4 
7.8 
o .8 
Si02 
Ali3 
li'e203 
CaO 
BaO 
SrO 
La2o 
f..20 
Rb20 
P20s 
'rotal 
Or(mol i;) 
Ab(mol ;.,J 
An(mol t~) 
J55/4/5 
65 .82 
18 .78 
0.11 
0.33 
0.60 
0 .06 
2.52 
12 . 63 
0.02 
n . d . 
100 .87 
75 .4 
22 .9 
1.7 
D53/4/2 
65.21 
19.60 
0.07 
o.89 
0 .06 
0 .01 
3.88 
10.35 
0 .03 
n . d . 
100 .10 
60.9 
34 .7 
4.4 
D53/4/4 
65 .21 
19.60 
0.12 
0.58 
0.12 
0 .02 
2 .65 
12 .72 
0 .05 
n . d . 
1 1.07 
73.8 
23.4 
2 .8 
D53/4/7 
64 .21 
18 .90 
0.31 
0.29 
0 .33 
0 .03 
1.84 
13. 66 
0 .04 
0 . 20 
99 .80 
81 .8 
16 .7 
1.5 
I .51/5/1 
66 .27 
18.40 
0.31 
0 .85 
0 .58 
0 .08 
2.50 
11.16 
0 .02 
0.03 
100.22 
71.2 
24 .3 
4.5 
a Beckman D. U. spectrophotometer with flame photometer 
attachment, and the remaining elements were determined 
46. 
by X-ray spectroscopy with a Phillips P. W. 1520/10 X-ray 
spectrograph with the transistorised recorder P. 1.1352/00. 
The method which involves the fusion of the sample with a 
heavy absorber, to alleviate grain size and matrix effects, 
has been developed by K. Norrish and his co-workers at the 
c.s.I. R.O., Division of Soils, Adelaide. Details of this 
method have been given by Norrish and Hutton (1964) and 
Norrish (1965). The reproducibility is better than 1% 
for most elements and the accuracy is comparable to 
conventional methods of silicate analysis. 
The bulk of the s amples were analysed by the 
author. Twelve feldspars f'rom the Palmer granite were 
analysed jointly by Dr. A.J.R. White and the author. 
Mrs . de Ghazal former analyst in the A. N.U. Geology 
Department, kindly made twenty-four sodium determinations, 
twelve of which were duplicates of samples previously 
ana lysed by the author. 
Iron has been assumed to be in the ferric state, 
and to be substituting for aluminium in the feldspar 
lattice . The Fe2v3 content ranges from 0.07 to o.88%, 
the average for all the feldspars being 0. 36%. Deer, 
Howie, and Zussman (1963) have suggested that Fe 2o3 
values greater than 0.5% are probably due to fine 
inclusions of fe r romagnesian minerals . This may well be 
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the case for the high Fe 2°.3values recorded in Table 6. 
Deer, Howie, and Zussman have also suggested that greater 
amounts of ferric iron substitute for aluminium in 
sanidines due to their higher temperature of formation. 
In t h is study no apparent correlation between Fe 2o3 content 
and structural state of the felds par, or granite type of 
the host rock was found. 
It has often been assumed that the pink colouration 
of some potash feldspars is caused by exsolution of minute 
grains of ferric oxide previously in solid solution in the 
feldspar lattice (Rankama and Sahama, 1950). The data 
given here lends some support to this theory since all 
the pink feldspars analysed contained above average 
Fe 2o3• However several white feldspars contain as much 
Fe 2o3 as the pink feldspars, and the mo st iron rich 
feldspar (K55/7/11) is white. 
The Cao content of the potash feldspars ranges 
from 0.14 to 1.58%, the average of all the feldspars 
being 0.40');; consequently the anorthite content is less 
than 3% in most feldspars and all fall within the field 
f rom which Or-Ab rich feldspars will crystallize (Fig. 10). 
The CaO content increases slightly with increasing Na2o 
content. 
Heier and Taylor (1959, b) Heier (1962) and 
earlier workers have suggested that h igh temperature~ 
40 50 
Ab - An feld spars 
Ab fe ldspar s 
60 
r-
70 
mol % 
• Sub - volcani c granite s 
.. 
X C on t ac t Aure ole granites 
• Reg ional Aure ol e grani t es 
80 
An 
20 
·"'~ 
90 
10 
10: Potash felds par compositions plotted on a portion of a 
pr oj ection of the system Or-Ab-An-H20 at 5000 bars pressure H2o (Yoder et al, 1957) 
Or 
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favour the accommodation of calcium into the feldspar 
lattice. The amount of Ca entering the lattice will 
depend on the solvus in the orthocalse-albite-anorthite 
system, and also upon the composit i on of the host rock, 
particularly upon the calcium content. Turner and 
Verhoogen (1960) present diagrams showing the postulated 
solid solution of anorthite in feldspars under volcanic, 
shallow plutonic, and plutonic conditions. Barth (1962, 
a) has produced a similar diagram relating the anorthite 
content of feldspars to the temperature of formation. 
There is no clear relationship between the Cao 
(or anorthite) content of the potash feldspars and the 
type of granite in which they occur. Most potash feldspars 
contain less than 0.8% CaO, a fact noted by Heier and 
Taylor (1959, b). It may be significant that only the 
Sub-Volcanic granites and orthoclase-bearing Contact 
Aureole granites contain any potash feldspars with more 
than o.8% Cao. Both these granites are believed to be 
of similar origin and to have attained equilibrium at 
higher temperatures than the other granites. 
The Na2o content of the feldspars is essentially 
inversely proportional to the potassium content. It 
ranges from o.87 to 5.30%, the average of all the felds-
pars being 2.25% Na2o. There is considerable overlap in 
the sodium content of potash feldspars from the three 
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granite groups (Fig. 10; Tables 6 and 7). However, 
feldspars from the Sub-Volcanic granites, with an average 
Na2o content of 3.06%, tend to be richer in sodium than 
feldspars from the Regional Aureole granites, which have 
an average Na2o content of l.84~ . Potash feldspars from 
the Contact Aureole granites have an average Na2o content 
of 2.44% and hence are intermediate between the Sub-
Volcanic and Regional Aureole granites, with a tendency 
for the orthoclase bearing type to be richer in sodium 
than the microcline bearing type. A similar distinction 
can be made with the Regional Aureole granites, where 
the orthoclases of granites from granulite terrains tend 
to be richer in sodium than the microclines from those 
associated with both low and high amphibolite facies rocks. 
A similar feature has been shown by Heier (1961), where 
potash feldspars from metamorphic rocks of the granulite 
facies contain more than 18% albite, and those from 
amphibolite facies rocks contain less than 18% albite. 
Although the tendency found here is the same as that found 
by Heier, there is no sharp boundary between the albite 
contents of potash feldspars from granites associated 
with granulite and amphibolite facies rocks. 
The potash feldspars from granites associated 
with high amphibolite facies rocks contain less sodium 
than feldspars from any of the other granite groups or 
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sub-groups. This appears to be somewhat anomalous 
since by analogy with the other granites one would 
expect the Na2o content of the high amphibolite facies 
granites to be intermediate between that of the granulite 
and low amphibolite facies. All of these granites are 
from the Palmer region, and White, Compston and Kleeman 
(in press) have suggested that the low albite content of 
these feldspars has been produced by almost complete ex-
solution at sub-magmatic temperatures. Why the potash 
feldspars in these particular granites should have ex-
solved albite to a greater extent than such other granites 
as the low amphibolite facies granites is not clear, 
particularly as these latter granites are believed to have 
approached equilibrium at lower temperatures than all the 
other granites. It may be that the felds pars from the 
Palmer granite were initially low in albite and were 
therefore not influenced by the feldspar solvus during 
cooling. 
It is well known that high tempe ratures favour 
the solid solution of albite in potash feldspars. The 
amount of solid solution will depend mainly on the 
alkali feldspar solvus, which is tempera ture sensitive, 
and on the composition of the host rock , particularly with 
respect to the sodium and calcium contents. If the 
average sodium contents of the feldspars in the various 
granite groups and sub-groups (see Table 7) are 
considered, in order of decreasing temperature one 
has:-
(a) Orthoclase-bearing Contact Aureole granites 
(b) Sub-Volcanic granites 
(c) Granulite facies Regional Aureole granites 
(d) Low amphibolite facies Regional Aureole granites 
(e) Microcline-bearing Contact Aureole granites 
(f) High amphibolite facies Regional Aureole granites. 
with the exception of the high amphibolite facies 
Regional Aureole granites the order given above is 
comparable to that deduced from structural considerations. 
TABLE 7: THE AVERAGE Na 2o CONTENT OF POTASH FELDSPARS 
IN GRANITES 
Granite Types Average Na2o Content 
All granites 
Sub-Volcanic granites 
All Contact Aureole granites 
Orthoclase-bearing Contact Aureole 
grani tes 
Microcline-bearing Contact Aureole 
granites 
All Regional Aureole granites 
Low amphibolite facies - Reg.Aur.Gr. 
High amphibolit e facies - " " " 
Granulite facies - Regional Aureole 
granites 
2.25 
3.06 
2.44 
3.26 
2.03 
1.84 
2.06 
1.10 
2.68 
Range 
0.87-5.30 
1. 75-4. 85 
1. 48-5. 30 
2.33-5.30 
1. 48-3. 09 
o.87-3.88 
1.13-2. 65 
o.87-1.49 
1.84-3.88 
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In the case of albite granites it should be 
possible to obtain an estimate of the lowest tem~ra ture 
a t wh ich equilibrium has been approached and exsolution 
of albite from the potash feldspars has ceased, since 
i n these granites the feldsp ar solvus will be the 
principle factor affecting the sodium content of the 
feldspars . Using a combination of the experimentally 
determined feldspar solvus of Orville (1963) and a 
theoretical solvus proposed by Barth (1951, 1962) the 
f ollowing temperatures are obtained:-
(a) Sub-Volcanic granites, 550-640°c. with an average 
of 6oo 0 c. 
(b) Orthoclase- bearing Contact Aureole granites, 550-
6500c. with an average of 6oo0 c. 
( c) Microcline-bearing Contact Aureole granites, 450-
5000c. with an average of 475°c. 
(d) Low amphiboli t e facies Regional Aureole granites, 
410-560°c. with an average of 500°c. 
Albit gran ites were not found in both the high amphi-
b olite and granulite facies granites. If these 
t empera tures are regarded as relative rather than 
absolute, the n once again it is clear that the Sub-
Volcanic and orthoclase-bearing Contact Aureole granites 
are similar and have approached equilibrium at higher 
temperatures than the other granite groups; and that 
the microcline- bearing Contact Aureole granites have 
approached equilibrium at temperatures similar to 
t hose of the low amphibolte facies Regional Aureole 
granites. There is little or no overlap between the 
equilibrium temperatures of these two main groupings, 
t he high temperature group ranging from 550-650°c. and 
t he low temperature group from 410-56o0 c. 
The Two-Feldspar Geothermometer 
53. 
Barth has proposed in several p apers (Barth, 1951, 
1956, 1961, 1962 b) that the distribution coefficient 
of albi te between alkali feldspar an d anorthite, 
= 
Mole fraction Ab in alka li f eldspar 
Mole fraction Ab in plagioclase 
i s constant at constant temperature, and ca n be used as 
a geological thermome ter for rocks where coexisting 
plagioclase and potash felds par are in e quilibrium. The 
distribution coefficient is thought to be influenced 
predominantly by temperature, and to a much lesser extent 
by nressure, and variation in comp osition. Both Winkler 
(1~61) and Orville (1962) have questioned the validity 
of the two-feldspar geothermometer, and have suggested 
that the composition of the host rock maybe an over-riding 
fa ctor. Dietrich (1960, 1961) has discussed in detail 
the difficulties of utilising the geothermometer, and :tE 
has recomnended that its use should be restricted to the 
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determimtion of the relative equilibrium temperatures 
of similar rocks within comparatively small zones. 
The temperatures obtained in t his study using 
the two-feldspar geothermometer are:-
(a) Sub-Volcanic granites, 500-890°c with an average 
of 645°c. 
(b) Orthoclase-bearing Contact Aureole granites, 540-770°c. 
with an average of 620°c. 
(c) Microcline-bearing Contact Aureole granites, 440-6lo0 c. 
with an average of 499°c. 
(d) Granulite facies, Regional Aureole granites, 520-590°c. 
0 
with an average of 567 c. 
(e) High am phibolite facies, Regional Aureole granites, 
350-450°C with an average of :137°c. 
(f) Low amphibolite facies, Regional Aureole granites, 
440-580°C with an average of 499°c. 
Although the average temperatures given above, 
with the exception of the high a nphibolite facies 
Regional Aureole granites, reflect tre same thermal 
relationships as were obtaired by order/disorder 
relationships and by utilisation of the alkali feldspar 
solvus, the considerable overlap found between the 
granite groups, in contrast to the other two methods, 
makes the two-feldspar geothermometer unsuitable for 
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distinguishing between the different granite types. 
Further inconsistencies can be found in single samples 
containing monoclinic potash feldspars and int erne dia te 
plagioclase, and yet giving lov1er temperatures than those 
obtained for a granite containing microcline of high 
triclinici ty ani p lagioclase of a low structUr' al state. 
In view of the overlaping temperatures and inconsistencies 
for individual granites given by tre two-feldsp ar geo-
thermometer, Dietrich's proposals appear to be sound. 
When individual granite masses are considered, the two-
:tel.dspar geothermometer gives relative indications of 
temperature which are compatible with the deduced geological 
relationships. Thus in the Rum Jungle Complex the 
equilibrium temperatUr'es decrease from the older to the 
younger granites, and the Mt. Shoobridge granite appears 
to have been at a higher temperature at the margin t han 
in the centre. 
0 Carter (1962) has shown that the Vera s 
granite, like the Mt. Shoobridge granite, approached 
equilibrium at lower temperatures in the centre than at 
the margin of the intrusion, and Heier (1960), at Lar.gpy 
has found equilibrium temperatures increasing with grade 
of metamorphism. 
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Trace Elements 
In addition to the major elements the rubidium, 
strontium and barium contents of the seventy-one potash 
feldspars from the various granites have been dete rmined. 
All three elements were determined by X-ray spectroscopy 
using a Phillips X-ray spectrograph P. w. 1520/10, with 
transistorised recorder P.W. 1352/00. The method used 
was developed by K. Norri sh and his co-workers at the 
c.s.I.R.O., Division of Soils, Adelaide (Norrish and 
Sweatman, 1963). Matrix correctiorB were measured 
directly for rubidium and strontium, and were calculated 
from the major element analyses in the case of barium. 
The reproducibility is better than ± 1% far rubidium and 
strontium, and± 5% for barium. The feldspars have been 
calibrated against G1 and w1 , the values taken being 210 
p .p.m. rubidium and 247 p.p.m. strontium in G1 , and 1220 
p . p .m. barium in G1 and 220 p.p. m. barium in w1 • More 
recent work on barium in granites using synthetic 
standards suggests that the values taken for G1 and w1 
may be rather higi. The preferred barium values are 
1,010 p.p.m. and 180 p.p.m. in G1 and w1 respectively. 
If these latter values are accepted, then the barium 
results rep arted here will be high by a factor of about 
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The rubidium, strontium and barium contents of 
the potash feldspars from the various granite groups 
are given in Talbe 8, together with the potassium arrl 
calcium contents and the Ba/Rb ratios. The frequency 
distribution patterns of the three trace elements in 
feldspars from the three granite groups are given in 
Figs. 11, 12 and 13, where they are compared with the 
distribution pattern of these elements in granite 
feldspars as a whole. There is no obvious difference in 
the distribution pattern of rubidium, strontium or barium 
in any of the granite groups. The rubidium content of 
the potash feldspars ranges from 177 to 1,750 p.p.m., 
the most frequent amount being 400-500 p.p.m.; strontium 
ranges from 7-2,800 p.p.m. with a modal value of less than 
100 p.p.m.; and barium ranges from 30-11,120 p .p. m., the 
modal value beinl between 1,000 and 2,000 p.p.m. Heier 
(1962) has presented diagrams similar to Figs. 11, 12 and 
13, showing the frequency distribution of trace elements 
in potash feldspars from pegmatites and other rocks, 
including those from gneisses, augen gneisses and migma-
tites as well as granites. The values for rubidium, 
strontium and barium reported in this thesis, tend on the 
whole to be intermediate between the values given by Heier 
for potash feldspars from pegmatites and those from other 
rocks. 
8: 
E54/12/16 
E54/16/l 
E5?/5/7 
E55/5/28 
E55/9/19 
E55/13/ll 
K55/15/2 
Vic 4 
Vic 5 
Vi c 6 
Vic 45 
D53/4/5 
D53/4/6 
D53/4/8 
E53/8/6 
K 1 Ca, Rb I Sr , Ba CO:NTI:Nr OF POTASH FELDSPARS 
K c-1 /0 
5 . 98 
7.04 
10 .51 
10.38 
8 .21 
6. 91 
7.64 
11 .17 
11 .11 
10 .54 
9.08 
9 • .30 
10 .2.3 
9.50 
10 .05 
A. SuB-VOLCA1ITC GRA1ITES 
Ca % Rb ppm Sr ppm Ba ppm Ba/Rb 
0 .38 296 82 l, 700 6.01 
0 .26 522 17 135 0 .26 
0 .32 515 141 1, 765 3.43 
0 .10 1, 098 16 155 0 .14 
0 .50 802 74 690 o .s6 
0 .30 744 7 30 0 .04 
1.13 .34.3 2, 800 5,4.30 15 .8 
0 • .34 .344 .390 5, 490 16 .0 
0 .21 397 14.3 2,150 5.42 
0 • .3.3 .322 174 4, .360 1.3 .5 
0 .31 416 156 2, 845 6.84 
0 .25 .538 496 2, 371 4 .41 
0 .18 548 79 1, 221 2.23 
0 .20 520 86 1,697 3.26 
0 .21 439 172 2 , 610 5. 94 
B. CONrACT AUREOLE GRANI'l'ES 
K% Ca ~ Rb ppm Sr ppm Ba ppm Ba/Rb 
I5o/5/3 11 .02 0 .27 466 331 2, 060 5 .15 
K5~/7 / 8 9 .11 0 .49 570 150 1,180 2.07 
h.55/7 /11 8 .48 1.10 226 320 4 ,1.35 18 • .3 
K55/7 /12 6 .8.3 0 .29 908 34 220 0.24 
K55/7 /14 9 .67 0 • .38 415 196 2, 470 5 .95 
K55/7 /15 10 .16 0 .12 960 .36 145 0 .15 
K55/ll/2 10.69 0 .10 1, 650 9 50 0 .0.3 
E55/6/2 10 • .3.3 0 • .37 540 1.32 1,1.30 2.09 
D52/8/5 7.46 0 .28 .342 1.39 940 2 .75 
':J52/8/7 9 . 2.3 O • .38 628 68 110 0 .17 
D52/8/ 20 12 .41 0 .19 447 444 4,2.35 9 .47 
D52/8/21 12 .15 0 .21 517 274 .3,845 7.44 
D52/ 8/22 11.41 0 • .36 422 382 4,660 11 .0 
D52/8/2.3 10.42 0 .57 177 1,4.30 11,120 62 .8 
D52/8/24 11.16 0 • .30 281 968 7,545 26 .9 
D52/8/25 11.96 0 .21 1, 070 85 1,470 1..37 
D52/ /26 12 • .37 0 .19 858 95 1,640 1.91 
D53/:;l/l 11.22 0.16 252 48.3 6,700 26 . 6 
C. REGIONAL AUkEOLE GRANITES 
K% Ca % Rb ppm Sr ppm Ba ppm Ba-/Rb 
D52/ /10 10.67 0 .23 622 96 1,600 2 .57 
D52/8/ll 9.51 0 .19 299 203 3, 200 10.7 
D52/8/14 9.33 0 .16 1,381 21 62 0.45 
D52/4/12 11.95 0.13 459 97 950 2 .07 
D52/4/21 10.50 O .25 566 93 1,490 2 .63 
D52/4/28 9.82 0 .26 426 96 1,550 3.64 
D52/4/ 31 9.95 0 .26 615 108 1,470 2.39 
D52/4/ 33 11.77 0.17 461 212 2,900 6.29 
D52/4/18 10.47 0 .14 484 62 450 Oe93 
D52/8/18 10.22 0.14 766 56 830 1.08 
D52/[/19 10 .13 0.31 629 119 1, 280 2.03 
D52/4/ 22 10.28 0 .24 438 175 1,950 4 .45 
D52/L"/ 27 7 .61 0.35 327 144 1,270 3.88 
D52/ 8/9 10.45 0 .39 329 240 2, 260 6.87 
D52/8/12 10.60 0.16 299 203 3,680 12 .3 
D52/4/13 9 .50 0 .27 226 270 5, 240 23 .2 
D52/4/17 9.80 0.43 290 305 3, 330 11.5 
D52/4/19 9.12 0 .37 480 227 2,080 4 .33 
D52/4/ 20 10.23 0 .34 352 449 4, 615 13.1 
DS~/4/14 9 .59 0 .54 347 227 7,000 20 .2 
D544/32 9.45 0 .56 410 222 2,400 5 .85 
P2 
P4 
P5 
Po 
P7 
Pl3 
Pl5 
Plu 
P:tl2 
SA21 
SA2 _ 
SA23 
J5'J/4/5 
D53/4/2 
D'J3/4/4 
DSj/4/7 
I51/5/1 
K ,! /0 
11.94 
12 .21 
12.08 
12 .68 
12 .34 
12.75 
12 .43 
12 .53 
12 .57 
12 .31 
12.13 
12.87 
10.48 
8 .59 
10.56 
11 .34. 
9.26 
Ca JiJ Rb ppm 
0 .24 41+1 
0 .14 437 
0 .24 465 
0.13 466 
0 .14 477 
0 .01 362 
0 .14 234 
0 .09 301 
0 .06 309 
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Sr ppm Ba ppm J a/Rb 
146 1, '-T-47 3 .28 
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81 1,148 2 .46 
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171 3,599 9.94 
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103 1,199 2 .42 
108 1,408 2.82 
534 5,370 26 .9 
77 530 1.87 
138 1,110 2 .60 
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663 5,230 23 .9 
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Nei trer rubidium, strontium nor barium appear 
to be affected by the structural state of the feldspars, 
Thus of the two samples which contain the least rubidium 
and most barium and strontium, D52/8/23 is ordered with 
a triclinicity of 0.8, and J55/4/5 is disordered with a 
triclinicity of o.o. Conversely feldspars which are 
enriched in rubidium vary from monoclinic orthoclases to 
microclines of maximum triclinicity. The trace element 
content of the feldspars also appears to be independent 
of exsolution phenomena, for instance feldspars from the 
Palmer granite contain very little albite in solid 
solution or as perthite lamellae, yet their trace element 
content is similar to perthitic feldspars containing 
abundant albi te. 
Several authors (Ahrens et al., 1952; Taylor 
et al., 1956; Heier and Taylor, 1959 a; Taylor and 
Heier, 1960; Butler et al., 1961) have commented on the 
coherence of rubidium with potassium in rocks and minerals. 
In the case of potash feldspars, Heier and Taylor (1959 a), 
Taylor and Heier (1960) and Heier (1962) have shown that 
most feldspars have normal K/Rb ratios, and that only in 
the case of feldspars from large pegmatites has fraction-
ation been of sufficient extremity to enrich the feldspars 
in rubidium relative to potassium. They l~ve also shown 
that depletion of rubidium is much more uncommon and is 
5J 
restricted to mesopertrtlt i c f eldspars which have crystal-
lised in the plagioclase field of the Or-Ab-An diagram. 
Examination of Fig. 14 shows that the rubidium 
content of the feldspars studied bears little relation-
ship to the potassium content. The normal limits of 
scatter for K/Rb ratios as given by Ahrens et al. (19 52 ) 
and modified by Taylor et al (1956) are included as 
dashed lines in Fig. 14. Most of the potash feldspars 
fall within these normal limits of scatter, but some are 
abnormally enriched in rubidium relative to potassium 
while others are depleted. However those which are 
depleted in rubidium have not crystallised in the plagio-
clase field of the Or-Ab-An diagram as was the case in the 
work of Heier and Taylor, since, as has been shown 
previously (Fig. 10), all the potash feldspars studied in 
this thesis have crystallised in the Or-Ab field. In 
general feldspars which are depleted in rubidium are from 
granodioritic rocks in which potash feldspar is a minor 
phase. In these rocks, when potash feldspar is crystal-
lising, both barium and strontium will enter into the 
feldspar structure in preference to rubidium, because of 
their smaller size and greater valency. A further factor 
contributing to the depletion of rubidium in the feldspars 
of these rocks is the abundant biotite which most of the 
available rubidium will enter. The granites containing 
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potash feldspars enriched in rubidium, similar to the 
pegmatitic feldspars studied by Heier and Taylor (1959 a), 
are albite bearing adamellites or granites, containing 
few ferromagnesian minerals. Several contain abundant 
muscovite. 
Goldschmidt (1954, p. 164-165) has suggested 
that, because of its larger ionic radius, rubidium 
(1.47 A0 ) will become enriched relative to potassium 
(1.33 A0 ) during fractional crystallisation. Heier and 
Taylor (1959 a) suggest that this is the reason for 
rubidium enrichment in potash feldspars, and have shown 
that this process has occurred during the differentiation 
of the Fevig granite. The Mount Shoobridge granite, 
included in this study, shows a similar trend. Feldspars 
from the margin of the granite contain only about 180 
p.p.m. rubidium while deldspars from the centre of the 
intrusion contain about 420 p.p.m. rubidium. The granites 
from the Rum Jungle compex exhibit a similar pattern, 
feldspars from the earlier granites containing an average 
of 340 p.p.m. rubidium and those from the later leucocratic 
granites containing an average of 490 p.p.m. 
The degree of differentiation* in a rock or 
rock series can be estimated from the bulk composition 
using Kuno's solidification index (Kuno et al 1957) 
where:-
s.r. = MgO x 100 
MgO + Fe 2o3 + FeO + Na 2o + K20 
when this index is plotted against the rubidium content 
of the potash feldspar, as in Fig. 15, it is seen that 
the rubidium content is de pendent on the composition of 
the host rock, and that it is increased greatly in 
leucocratic granites. 
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Strontium is often regarded as a close associate 
of calcium. This appears to be the case in granitic rocks 
but not in basic rocks (Turekian and Kulp, 1956). In 
potash feldspars, Heier and Taylor (1959, b) have shown 
that the strontium content is only weakly related to the 
calcium content, and is much more closely associated with 
barium. A similar lack of correlation between strontium 
and calcium has been found in this study, and the positive 
correlation between barium and strontium, observed by 
Heier and Taylor, is also evident (Fig. 16). 
* The terms differentiation and fractionation are used 
in t his section in a broad, non-genetic sense, covering 
the change in comp osition from granodiorite to 
leucogranite commonly found in granite bodies. They 
do not imply that this variation in composition has 
been brought about solely by fractional crystallisation 
of more basic magma. 
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Heier and Taylor (1959, b), following Goldschmidt 
(1954) state that divalent strontium and barium will tend 
to enter the early formed potash feldspars, and that both 
will gradually decrease as fractionation proceeds. They 
also state that, because the Ba-0 bond is more ionic than 
the Sr-0 bond, barium will be preferentially accepted in 
the feldspar structure and that strontium will be concen-
trated rela tive to barium in the last stages of fraction-
ation. Fig. 16 shows good correlation between strontium 
and barium, and both decrease in potash feldspars from the 
granodioritic to the leucocratic granites, as predicted 
and shown by Heier and Taylor. However the Ba/Sr ratios 
remain approximately constant. There is no indication of 
strontium enrichment relative to barium with change in 
composition from granodioritic to leucocratic granites, 
even though some of the feldspars contain amounts of 
barium, strontium and rubidium similar to the pegmatitic 
feldspars studied by Heier and Taylor. 
The influence of the composition of the host 
rock on the barium and strontium contents of the potash 
feldspars can be seen in Figs. 18 and 19, where the 
strontium and barium contents have been plotted against 
Kuno's solidification index. Both the strontium and the 
barium in the feldspars decrease gradually during the 
early stages of differentiation, and very rapidly towards 
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the final stage. This trend is opposite to the trend 
for rubidium during differentiation (Fig . 15), con-
sequently, as has been proposed by Taylor and Heier 
(1960), the Ba/Rb ratio should prove to be a good 
indicator of fractionation processes in rocks. 
In Fig. 17 the barium content of potash 
feldspars has been plotted against the rubidium content . 
The dashed lines are the limits enclosing Taylor and 
Heier's (1960) Norwegian feldspars. Taylor (1965) 
divided the enclosed area into two fields, the left hand 
fiel d c ontai n ing pegmatitic feldspars, and the right hand 
field feldspars f r om other rocks . Most of the feldspars 
studied here lie within the right hand field but some , 
although from granites, fall within the pegmatite field 
and a few lie outside the field boundaries . As one would 
expect there is a pronounced correlation between the 
Ba/Rb ratios and the variation in composition of the host 
rocks as given by Kuno's solidification index. The 
potash feldspars t'rom grani Le s which fall in the pegmatite 
field are from leu~ocratic albite granites belonging to 
all three granite groups . Most of these granites have a 
solidification index of less than 3 . 0 . The few feldspars 
which lie outside the field given by Taylor are all low 
in barium, but depleted in rubidium relative to barium. 
There is notning to distinguish the granites in which 
64. 
these feldspars occur from other granites studied. 
The variation of the trace element contents 
of the potash feldspars with composition of the host 
granites are summarised in Table 9, where average 
values and ratios are tabulated against the appropriate 
solidification index. 
TABLE: 9 VARlATil,N OF TRACE L •~'-~1, NT Q, I'1'l'ENT IN POTASH 
FELD~PARS vV l"'H DIFF r•;REI' T TI-..N OF THE HO ST 
ROCK 
Solidification Rb Sr Ba Ba/Rb Ba/Sr Rb/Sr Index ppm ppm ppm 
20 200 1100 10000 50 9.1 0. 18 
10 317 356 4960 lS. 6 13.9 0.89 
5 453 135 2170 4. 79 16. 1 3. 35 
2 684 73 858 1. 25 11. 7 9. 37 
1 859 38 433 o. 50 11.4 22. 6 
CONCLUSIONS 
It is apparent f'rom the preceding sections 
that from a study of the structural states of potash 
feldspar and plagioclase and, to a lesser extent, the 
composition of these feldspars, the mineral assemblages 
and textures of the rocks, it is possible to distinguish 
between the three granite groups, and in many cases the 
sub- groups within them. 
These characteristic features of the three 
granite groups are discussed below, together with 
tentative estimates of the physical conditions under 
which these properties have developed. 
Sub-Volcanic Granites 
The field relationships of the Sub-Volcanic 
granites indicate that they are of magmatic origin, 
genetically related to associated acid volcanics and 
ignimbrites, and that they have been rapidly emplaced 
into relatively cool country rock at shallow depth, in 
domes, cauldren subsidences, and rlng fractures. The 
theory of magmatic emplacement at shal low depth is 
supported by the bulk compositions of the rocks, since, 
when plotted onto the Qtz- Or-Ab diagram, the maximum 
concentration for these granites lies astride the isobaric .. 
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minimum at low water vapour pressures. It is not clear 
whether these granites have been produced by the fusion 
of sedimentary or pre-existing granitic material, or 
whether they are the differentiation products of more 
basic magma. The wide range in composition of strongly 
zoned plagioclase and the presence of all members of 
Bowen's discontinuous reaction series in the granodio-
ritic rocks could be taken as evidence for differentia-
tion from more basic magma. 
From the field relationships it is reasonable 
to suggest that these granites have cooled rapidly and 
have app roached some form of equilibrium at temperatures 
not far below the crystallization temperatures of the 
associated volcanic rocks. This suggestion is supported 
by the triclinicity values and optic axial angles of the 
potash feldspars which indi.cate that they are almost 
entirely orthoclases, somewhat more ordered than potash 
feldspars from acid volcanics but less ordered than most 
feldspars from the other granite groups. A fe ,v of these 
granites have been strained and recrystallised and 
contain randomly ordered potash feldspars of variable 
triclinicity. The distant order function of potash 
feldspars, which can be used as a relative geothermometer, 
suggests that the feldspars of the Sub-Volcanic granites • 
have approached equilibrium at higher temperatures than 
67. 
those of' other granites. These temperatures are 1 ower 
than the crystallization temperatures of' acid volcanics, 
but above the temperature of' the amphibolite-granulite 
f'acies transition. The tendency f'or the sodium content 
of' the potash f'eldspars in these granites to be higher 
than the sodium content of' f'eldspars f'rom the other 
granite groups also points to a higher temperature of' 
f'orma tion. 
The plagioclases of the Sub-Volcanic granites 
are of' both low and intermediate structural state. 
Intermediate plagioclases are more abun ant in this 
granite group than any other group. They are character-
istic of volcanic rocks and are f'ound in some other 
granites which are believed to have approached equilibrium 
at high temperatures similar to those suggested f'or the 
Sub-Volcanic granites . The transition f'rorn a low to a 
high structural state in sodic plagioclase is thought to 
occur at about 6oo 0 c., consequently it is believed that 
many of the Sub-Volcanic granites have cooled to about 
6oo 0 c. before attaining equilibrium. 
An estimate of the equilibrium temperatures for 
these granites has been attempted, using the Barth two-
f'eldspar geothermometer f'or all granites, and the 
experimentally determined feldspa r solvus in the case of' 
calcium-poor, albite-bearing granites. It is not known 
.. 
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what reliance can be placed on these temperature 
estimates but both me thods give average e quilibrium 
temperatures of just over 6oo 0 c. for the Sub-Volcanic 
granites, and indicate th a t the y have a ~proached equi-
librium at higher temp er atures than the other granites 
studied. 
That an equilibrium temper a tui·e of about 6oo 0 c. 
for these granite s is a reas onable estima te is seen from 
the fact that muscovite is a stable nha se in many of 
them. Ex i;>erimental determination of· the U")p er stability 
limits of muscovite by various workers (Yoder and .. 'ugster, 
1955; Vv'inkler, 1957) suggest that it becomes unstable 
between 600 and 700°c. depending on the water vapour 
pressure. 
Texturally the ub- Volcanic granites exhibit 
similarities to both "normal" granites and to volcanic 
and hypabyssal rocks . Graphic intergr owths of quartz 
and potash felds par , a common feature of this granite 
group , and also common in volcanic and hypabyssal rocks, 
have not been fo und in the other grani tes studied . The 
quartz crystals are characteristically euhedral or sub-
hedral and free from strain effects , unlike the quartz 
in the other granite t Jpes. Myrmekit e , which occurs 
commonl y in gra1 ites at potash feldspar - plagioclase 
boundaries is thought to develop in order to maintain 
.. 
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local equilibrium between adjoining crystals with fall 
i n temperature. However it is p oorly developed in Sub-
Volcanic granites, presumab ly because, as has b een shown 
above, cooling has been rapid so that metastable equi-
librium has been maintained. 
Thus the bulk of the data presented for the 
Sub-Voclanic granites suggests that during or after em-
placement they have cooleu fairly rap ialy , approaching 
some form of equilibrium at temperatures below the 
crystallization temperatures of associated volcanic rocks, 
but above the equilibrium temperatures of the other 
granites . This temperature is believed to be of the order 
of 6oo 0 c. 
Contact Aureole Granites 
The field relationships of the Contact Aureole 
granites indicate that t hey are intrusive magmatic granites 
emplaced into cooler , low- grade metamorphics or unrneta-
morphosed sedimentary material. Consequently one would 
expect that they would have cooled either at a similar 
rate to the Sub- Volcanic granites or more slowly, depend-
i ng on the temper ature of the country rock and the depth 
of burial . 
1 hen the chemical composition is plotted on the 
Quartz- orthoclase- albite diagram the maximum for this 
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group is seen to be close to the ternary minimum, thus 
tending to support the theory of the magmatic origin of 
these granit~s. The maximum falls on the orthoclase 
side of the ternary minimt.m, b e tween the maxima for the 
Sub-Volcanic and Regional Aureole granites. It has been 
suggested that this slight enrichme nt in normative potash 
feldspar relative to the cl ~arly magmatic Sub- Volcanic 
granites may be due to slight late- or post-magmatic 
automotasornatism. The wide range in plagioclase composi-
tion and the presence of strongly zoned crystals are 
considered to be evidence for development from more basic 
magma, as in the case of the Sub-Volcanic granites . 
Texturally and rnineralog ically there are two 
distinct sub- groups within theContact Aureole granites , 
with very few transitional granites . These two groups 
are the orthoclase- and the microcline - bearing Contact 
Aureole granites . 
The orthoclase-bearing Contact Aureole granites 
are texturally and mineralogically identical to the Sub-
Vol canic granites. Quartz is euhedral or sub - hedral and 
f r ee from strain. Myrmekite is absent or only incipiently 
developed as albite rims . The potash feldspar is ortho-
c l ase , in wl ich the optic axial angles and triclinicities 
indicate a similar degree of ordering to the or t hoclases 
of the Sub -Volcanic granites. The aver age distant order 
function for the f'eldspars in the two groups is 
identical, indicating that equilibriwn has been 
approached at temperatures above the amphibolite-
granulite facies transition but below the crystalline 
temperature of acid volcanics. 
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As in the Sub-Volcanic granites the plagioclases 
are of both low and intermediate structural states, 
0 
suggesting that cooling proceeded to about 600 C before 
equilibrium was established. 
The average sodium content of the potash feldspars 
is high, slightly higher than the Sub-Volcanic granites, 
and is taken to be an indication of a high temperature of 
formation. 
As before, estimates of the equilibrium 
tempera tures have been made using the Barth two-feldspar 
geothermometer for all the granites and the experimentally 
determined feldspar solvus for albite-bearing granites. 
By both methods the average equilibrium temperatures 
obtained were just over 6oo 0 c. as in the case of the 
Sub-Volcanic granites. 
The microcline-bearing Contact Aureole granites 
contain auhedral quartz crystals with a typical inter-
locking mosaic texture, showing evidence of recrystalliza-
tion. Myrmekite is almost ubiquitous in this sub-group. 
suggesting that cooling has been slow, and that the 
.. 
-------=----- -
myrmekite has developed in response to falling 
temperature to maintain local equilibrium between 
potash feldspa r and plagioclase. 
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The potash feldspar is microcline, with optic 
axial angles and triclinicities which in:licate a well 
ordered structural state similar to feldspars from 
Regional Aureole granites associated with low amphibolite 
facies rocks. The average distant order function of the 
feldspars in this sub-group indicates an equilibrium 
temperature well below that of the orthoclase-bearing 
Contact Aureole granites but slightly above the temper-
ature of the greenschist-amphibolite facies transition. 
The average sodium content of the potash feldspars is 
lower than that of potash feldsp ars from the orthoclase-
bearing Contact Aureole granites, and is further 
indication of their lower temp erature of formation. 
The plagioclases in these granites are all of 
a low structural state, suggesting that they have 
probably cooled to below 6oo 0 c. before equilibrium was 
attained. 
Estimates of the equilibrium temperature 
obtained by the two-feldspar geothermometer and the 
experimentally determined feldspar solvus indicate 
average temperatures of the order of 475 - 500°c . 
These tentative temperatures are consistent with the 
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limits implied by the structural state of the plagio-
clases and the thermal relationships deduced from the 
distant order functions of the potash feldspars. 
The foregoing data iniicates that the orthoclase-
bearing Contact Aureole granites are similar in origin 
to the Sub-Volcanic granites and have approached equi-
librium at the same temperatures, the only difference 
between them being that the magma of the Sub-Volcanic 
granites has in mo s t cases been extruded onto the surface. 
The microclin3-bearing Constant Aureole granites 
have approached equilibrium at lower temper a tures than 
the orthoclase-bearing Contact Aureole granites and have 
presumably cooled more slowly. As there is little 
indication of any substantial difference in environment 
between the two sub-groups it has been suggested that the 
microcline-bearing type have originated by post- or late-
magmatic recrystallization of orthoclase-bearing granites 
brought about by hydrothermal autometamorphism unier 
temperature conditions similar to the low amphibolite 
facies. 
Regional Aureole Granites 
The chemical compositions of Regional Aureole 
granites are indistinguishable, except for slight 
differences, from the compositions of the other granite 
types. ~t/hen plotted on the quartz-orthoclase-albi te 
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diagram the maximum for this group lies close to the 
ternary minimum, suggesting a magmatic origin for most 
of the granites in this group. The maximum is slightly 
enriched in potash felds par relative to the ternary 
minimum and to the maxima of the other granite groups. 
It is suggested that this potash enrichment has been 
produced by late- or post-magmatic autometasomatism. 
Two distinct sub-groups can be recognised in 
the Regional Aureole granites on the basis of their K2o 
content. These are, normal granites with an average 
K2o content of 5.23%, and granite gneisses with an 
average K2o content of 3.32%. There a J pears to be 
complete transition between the two groups. Granites of 
the latter group are intimately associated with sedimen-
tary material, and similar compositions could be produced 
from metamorphic gneisses by partial melting, potash 
metasomatism, or mixing with Regional Aureole granite 
magma. The limited comp osition range of the plagioclases 
and the absence of any but feeble zoning in both granite 
types tends to support an origin by partial melting of 
metamorphosed sediments or pre-existing granitic material. 
The granite gneisses are believed to be the first stage 
in this process and the normal granites to be the result 
of comp lete distillation of magma from the original 
material. 
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It is in the Regional Aureole granites that 
the strongest evidence is found for close equilibrium 
relationships between the grar~tes and the associated 
rocks. The granites invariably contain strained quartz 
interlocking with feldspars and other crystals in a 
characte r istic mosaic pattern. This typical metamorphic 
texture is thought to have been superim9 osed on initially 
magmatic rocks during cooling and re - crystallization. 
The mineral assemblages of' these granites are what would 
be expected if rocks of such comr ositions were in 
equilibrium with the associ a ted metamorphic rocks . Thus 
the granites with amphibolite facies rocks contain biolite, 
muscovite and hornblende in addition to potash feldspar, 
plagioclase and quartz , whilst granites from granulite 
terrains frequently contain either sillimanite, kyanite, 
andalusite , garnet , corierite or hype1·sthene in addition to 
the normal quartz, potash feldspar and plagioclase . 
Muscovite and biotite invariably accompany those high-
grade metamorphic mine rals. They are thought to have 
been produced by incomplete retrogressive metamorphism. 
The triclinicity and optic axial angles of the 
potash feldspars in the granites correspond remarkably 
well with the metamorphic environment in which the 
granites occur. They tend to decrease J rogressively as 
the grade of metamorphism of the associated rocks 
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increases. Thus the Regional Aureole granites contain 
potash feldspars having similar, or slightly lower, 
distant order functions than those of the associated 
metamorphic rocks. The feldspars from granites associated 
with granulite facies rocks have distant order functions 
indicating a lower equilibrium temperature than that of 
the Sub-Volcanic and orthoclase-bearing Contact Aureole 
granites, but close to the arnphibolite-granulite facies 
transition. The distant order functions of potash feld-
spars from granites associated with upper-amphibolite 
facies rocks indicate equilibrium temperatures wi thin the 
amphibolite facies, and felds pars from granites associated 
with lower amphibolite facies rocks have distant order 
functions indicative of t empera tures close to the 
amphibolite-greenschist transition. 
The structural state of the plagioclases also 
shows good agreement with the gr·ade of metamorphism of 
the associated rocks. All the plagioclases from granites 
associated with amphibolite facies rocks were found to be 
of a low structural state as are the plagioclases of meta-
morphic rocks belonging tc that grade . Similarly most of 
plagioclases from granites associated with granulite facies 
rocks were found to be of an intermediate structural state, 
as are the plagioclases from metamorp hic rocks of the 
granulite facies . 
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Thus the Regional Aureole granites are in 
equilibrium, or are fairly close to equilibrium, with 
the associated metamorphic rocks. This suggests that 
they have either originated by metamorphic processes, 
or that they are magmatic granites emplaced under 
metamorphic conditions which have cooled and recrystal-
lised during metamorphism. The latter suggestion is 
pre ferred because in many cases field relationships 
indicate that these granites have been in a magmatic 
state. 
It has been suggested in the above sections 
reviewi ng the distinguishing properties of the three 
granite groups that these properties are dependent 
principall y on the physical conditions under which the 
granites approach equilibrium. That is, it is not 
magmatic crystallisation which determines these properties 
but the recrystallisation and ordering which takes place 
as the rock cools, re-establishing equilibrium un:ier 
varying environmental conditions. Consequently it is 
also possible to infer something of these conditions, 
particularly temperature, from a knowledge of the struc-
tural state and compositions of the feldspars, and from 
the mineral assemblages and textural features of the 
granites. 
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Carnegie Inst. Washing ton, Ye arb. 1 o. 56 , 
pp . 206- 214. 
Sample 
E54/12/16 
£5l /16/1 
":.54./16/7 
E55/5/7 
E5J/ /19 
E55/13/ll 
,55/15/2 
Vic 4 
Vic 5 
,.fa.me 
El izabeth Creek Grani te 
Cer t r al ranite 
()a 0 stowe Ring complex) 
1, t . Rous Ri 11t, Dyke 
(Bagstovre i ng complex) 
Herbert River ~r a nit e 
Elizabet h Creek Gr a nite 
Elizabeth Creek Grani t e 
Lochnaber Gr a nite 
(Lochnaber Ring complex) 
AP "END 
Cygnet "Syenite" 
(Cygnet Alkaline complex) 
Lysterfield L: ranodiorit e 
Cobaw Gr anite 
1 : lJA,IE , LOCALL:'Y , aIIiERAL AJS.~l. BLAGES ND R:.l'""'EIL: .:2 J 0~' HE "ILL L; SJ.'lJDIED 
A;. SU0-V1I£.A .. IC G .:r 'ES 
Rock t ype 
Leucocrat ic a\d<1mc: l lite 
Leucocratic _ dame l l i t e 
,1 icroadamellit e 
Hor nblende Biotit e 
Adamellite . 
1uscovit e Biotite 
Adamellite 
Biot ite Adamellite 
l, uscovit e Adamellite 
Porphyritic Mic.:romonzonite 
Hornblende Biotite 
Adamellite 
Hornbl ende Biotite 
Adamell i t e 
Q quartz 
K-f potash feldspar 
Pl pl agioclase 
Ca £_;arnet 
And andalusite 
.li ner a l s .:;emb l at.:es 
.,, , .-- f , Pl , Bi 
r, - f ' , Pl, Bi, J.1u. 
1, 
'<, ' - f, Ho, .Bi. 
A-f, , Pl, Bi, Ho . 
- f, , Pl, Bi , u . 
~- f, Pl, Q, Bi , Mu . 
K- f , Q, Pl, Mu . 
Pl , K- f, Q, Ho, C- Px 
K- f , Pl , Q, Bi , Ho 
Pl, K-f, Q, Bi, Ho, C- Px 
Bi 
-
biot i te 
Mu muscovite 
Ho hornblende 
Si sillimanite 
Locali-i-y 
18° 05 ' J , 143° 45 '~ o 25 mile s 
• "G' . of ~eorc..et ov 1. . ... ' ld . 
19° 15 ' :::; , 1440 05 1E 23 miles 
..., 
of C\.i dston . 'ld • ..J • ....> • -' • 
19° 19 ' .S , 14)0 53'1!; . bout 10 
mil es ...., . • of len,nore homestead • ' l • 
17° 22' S, 144° 42 ' ·• 4 miles S • of 
Al made n on road t o l\oor boora, 'ld. 
17° 25 'S, 144° 25 'E 
Crystal Brook homes tead 
n iver r oad, ~ 'ld. 
3 miles S • 1 • of 
on Almaden-Tate 
18° OO 'S, 144° 32 'E . 5 miles II • of 
~itechalk homestead, . 'ld . 
19° 05 ' S, 144° lO'E . 10 miles 
S . of Ki dston . Q'ld . 
E491 .5 , N685 .5 1 mile N. of 
Petcheys Bay, Tas . 
0 .25 miles N. of Lysterfield 
road junct ion, Vic . 
37° 12'S, 144° 44'E . 5 .7 miles f rom 
Lansfiel d on road to Tooborac, Vic . 
C- Px - clinopyroxene 
0-Px - orthopyroxe re 
Co cor dierite 
h.y kyanite 
1.ef ere .c es 
Sranch (in press) 
Bra. ch (in press) 
Br ch ( in press) 
Branch (i n press) 
Branch (i n pr es s) 
Branch (in press) 
Branch (i n pres s ) 
Edwards (1947) 
cDouball and LeLf.O (1965) 
dwards (1956) 
Sample rune 
Vic 6 Cobaw Granite 
Vic 45 StrathboLies ~ranit e 
D53/4/5 Giddy Gr anite 
D53/4/6 Giddy Gr anite 
D53/4/8 Caledon Granite 
E53/8/6 Norris Gr anite 
E53/8/8 Pa1..-ksaddle Microgranite 
.d : CO LACr A REOIB GR.A D..TES 
I56/5/.3 Hartley Granite 
·-55/7/8 blue l'ier .aat'1ol1th 
Rock Type 
Hornblende Biotite 
Adamellite 
Biotite Adamel lite 
Hornb lende Adamellite 
Hornblende Biotite 
Adamellite 
Hornblende Adamellite 
Hornblende Biotite 
Adamellite 
Porphyritic Microgranite 
Bioti te ~ drunellite 
ineral Assemblages 
Pl, K-f, , Bi , Ho 
Pl , - f , Q, Bi, Co, Mu 
K-f, , Pl, Ho 
K- f, Q, Pl, Bi, Ho 
K- f , ~, Pl, Ho , l u, Bi 
- f , Q, Pl , Bi, Ho 
r- f , ~, hydrated iron 
oxide 
11 , I\.- f , .. , Bi 
h_- f, .l::'l, , Di 
Locality 
37° 03' S, 141+-0 47 'E . 15. 7 miles from 
Lansfield on r oad to Tooborac, Vic. 
12.5 miles E . • of Avanel , Vic . 
12° 17'S, 136° 34 'E . Arnhem Bay, 
N .T . 
0 60 12 23 'S, 13 E . 27 miles .3 .il . 
of Yirrkala Mission, N.T . 
12° 53 'S, 136° 32 'E Anh B , r am ay, 
-; .T • 
17° 43' S, 137° 57 'E, 
of Pand.anus Creek ire, 
17° 15 I ' 137° 57 I L . 
1,ollot-oranb homestead on 
N.T • 
10 miles .c, , ..) • • 
.T • 
10 miles , • of 
edbank C1·eek, 
~315 . 6 , 11854 .8, , • of H ·tley at 
Let t River br1d0 e, , • • , • 
E5~1.5 , r916 . 0n Tasman Hie,hHay 
lt:. .7 miles N •.. • of 3t . Helens , Tas. 
eferences 
,lhite (1953) 
Dunnet (in press) 
Dunnet (in press) 
Dunnet (in press) 
Roberts , Rhodes and 
Yates (1963) 
. obe::rts , i.hodes and 
Yates (1963) 
Joi;lin (lS.31) 
eid and Hend~rson (192) 
cDou~all and LeL6-0 (l9bJ) 
Sample 
JJ/7/11 
.1J/7 /12 
. /;/7/15 
5 / R/5 
52/8/7 
52/8/20 
52/8/21 
52/8/22 
cottsdale Batholith 
~en Lomond granite 
Coles Bay Gr anite 
1,!areeba Gr anite 
Cullen Granite 
Allia Creek Granite 
Pri ces Sprinbs Gr anite 
Prices Sprinr s Granite 
~t . Shoobr idze Gr anite 
(Leucocratic variety) 
Rock Type 
Hornblende 3iotite 
ur anodior i te 
Biot i te us<.:ovite 
Adamellite 
Biotite Adamel lite 
Biotite uscovite 
Granite 
Leucocratic ~rani t e 
~uscovi+e Biotite 
Adame llite 
Biotite Adamellite 
Biot i te Juscovite 
Adamellite 
Hornolende Biotite 
Adame llite 
Biotite Adamellite 
Leucocratic Adamellite 
.,iineral . ss ol a 0 es 
Pl, - f , 3 i , Ho 
~ , j -f, Pl , u, hi 
Pl , , A- f , Bi , Ho 
r' .. - f , , Pl , 1,tu, :9i 
h.-f, · , Pl , . u , Bi , Ho 
K-f, Q, Pl , Bi , Mu 
K- f , Pl, Q, Bi 
K- f , Q, Pl , .. !u, Bi 
K- f , Q, Pl , Bi , Ho 
K- f , Pl , Q, Bi 
Pl , , l -F, Bi, Mu 
Localit.1 
E5?2, N894, {. of 3en Lomo · on 
Up1 eJ.·- ...,sk - U~ per Jlessi t..t on road, 
Tas • 
E55o .5 8b.7 . 2 miles fl'Om S oreys 
Creek on Avoca ro~Q, ras . 
E608 1866 .5 . Tasman Highway, 10 
miles ::i.E . of St . arys, ras • 
E609 N838 . On coast~ . of Bicheno, 
Tas. 
E606 N808 . Co le s Bay granite quarry, 
r as . 
17° 13 ' S, 145°E . On l.rillies Highway 
7 .1 miles " . of Little 1fol grave River , 
Q'ld. 
13° 46 ' S, 131° 37 'E. Pine Creek 
area, N .T . 
13° 57 'S, 130° 40' ~, Daly River area 
.T • 
13° 30 ' 131° 37 'E, on Burrundie-Grove 
Hill track, N .T . 
13° 30 'S, 131° 38 'E, on Burrundie rove 
Hill track, N .T . 
13° 31 ' S, 131 ° 16 'E, on .) tuart Highway 
in centre of granite , N.T. 
, efere.,ces 
lJ.SStLt l:;,'.)}) 
JfCD0 c1lal1 and Le f:,O (19DJ) 
,ic ,e il (19o5) 
hCD0u0 11 and Le~ o l l 9uJ) 
cDouuall and Le&.,o 1905) 
~pry and ord (1957) 
,,1cD0c11.,all and Le <- o (l Sibj J 
Amos and de leyscr (19 4) 
Sample 
D52/ 8/23 
D52/ d/24 
D52/8/25 
D52/8/26 
D53/9/l 
Name 
1.lt. Shoobridge Granite 
( arginal variety) 
Mt. Shoobridge Grani te 
(Porphyritic variety) 
Burnside Granite 
Burnside Granite 
Cullen Granite 
C: R~GIO AL , U,.EO . "ITES 
D52/8/10 
D52/8/ll 
D52/8/14 
D52/4/12 
D52/4/21 
Leucocratic ~ranite 
Rum Jun0l e Compl ex 
Leucoc;r tic ~rani t e 
um Jungle Complex 
Leucoc1·atic Gr anite 
um Jun0 le Complex 
Leucocratic Gr anite 
Hum Jun1 le Complex 
Leucocratic ranite 
uum Jun~l e Compl ex 
Rock type 
Biotite Hornblende 
Granodiorite 
Hornblende Biotit e 
Adamellite 
Biotite Adamellite 
Biotite Adamellite 
Hornb lende Biotite 
Adamellite 
Biotite Adamellite 
1 t.iamellite 
Adamellite 
Ada .ellite 
Adamellite 
i.1ineral Assembla c-~es 
Pl, Ho, Bi, Q, K-f 
Pl, K- f , Q, Bi , Ho 
K-f, Pl, Q, Bi 
K- f, , Pl, Bi 
Pl, ... -f, Q, Bi, Ho 
l\- f , Pl , "' ' ..31. , u 
.L\.- f , ...: , Pl , .. ,u , Bi 
- f , Pl, ~, , u, Bi 
... - f , Pl, , Bi 
- f , Q, Pl , 3i , , U 
Local ity eferences 
13° 31' 3 , 131° 16 'E. on E. margi n 
of granite , t o N. of ;:,tuart Hi"-hway , :r . 
13° 3l ' S, 131° 16'E . on bank of Bridge 
Creek, S . of ~tuart Highway, N .T . 
13° 27 'S, 131° 25 'E . Cranite margin 
1.5 miles N. ,l . of _,1.s i ng Tide Prospect , 1I .T. 
13° 26 ' S, 131° 21 '. 2 miles .1.i .N.W. of 
Ris i ng 'f ide Prospect, N.T . 
14° 12'S, 132° 02'E, Edith River, .. . T . 
13° 00 ' lO"o.) , 1)1 ° 01 ' 10" , _,um Jui le - . l' . 
13° Ol'lO"S, 131° 03' 30" .... , Rum Ju!l le, .T . 
13° 1' 20"S , 131 ° 00 ' 50"E , um Jun le , ' . . 
12° 52 ' 40"8 , 131° 05 ' 10"..1, , .s:um Jun le , I .1' . 
12° 58 ' 30"S , 130° 58 ' 50":t , um Ju le, .T • 
hhode s ( l )Li 5) 
Rhodes 1905) 
hodes (19b.?) 
hodes (1965) 
Sa:nple 
D52/li/28 
D52/4/31 
D52/4/3.3 
052/4/18 
D52/8/18 
)52/8/19 
52/4/22 
52/4/27 
D52/8/ 9 
152/8/12 
52/4/1.3 
Faine 
L0ucocratic &ranite 
Rwn Jur ... le Complex 
Leucocratic ~ranite 
Rum Jungl e Complex 
Leucocrat ic Granite (Mt . 
:F'i tch v a riety) 
Rum Jun~le Complex 
Peunatite 
Rum Jungle Compl ex 
Coarse Granite 
Rum Jungle Complex 
Coarse Granit e 
Rum Jungle Complex 
Coarse Crani te 
Rum Jungle Complex 
Coarse Granite 
Rum June le Complex 
Laree .!!'e ldspa.r Granit e 
Rum Jun&le Complex 
LarLe g eldspar Granite 
Rwn Jun0 le Complex 
La r ge Fe ldspar Gr anite 
Rum Jungle Complex 
Rock type 
rliotit e Ada e llite 
Adamellite 
Biotite Adamelli te 
t.,ranite Pe atite 
Biotite Adamellite 
Biot i te Adarne l lite 
Biotite Adame llit e 
Biot ite Adamellite 
Biot i t e damellite 
Biotite Adamel lite 
Biotite Adamellite 
,ineral Assembl1~es Locality efere.ces 
12° 59 ' 20"u , 
.T • Rhodes ( l ';;uJ ) 0 131 01 ' 30"E , .H.um Ju,,'-- le, - f , ~l , ~ , rl i , Ju 
l\- f , Pl , •0 Bi 12° 55 ' 30"S , 131 o 04 ' 20 "E , um J 1 T un e , .1 •• hodcs ( 19 ,5 ) 
Q, K- f , Pl, Bi 12° 57 ' 00" ..:> , 0 130 57 ' 00" , Rum J unble, .r . Rhodes (1965) 
Q, K- f, Pl , Bi , Mu 12° 59 ' 20"S , 131° 01'30" , um Jungle , N.T . Rhodes (1965) 
K- f, ~ ' Pl , Bi 1.3° Ol'50"S , 131° Ol ' 20"E , Rum Jun'- le, .. • T . hodes (19o5) 
K- f , Q, P l, Bi 1.3° Ol ' .30"S , 0 131 01 ' 00"E , ,um Jun e , .'i' . hodes (1965) 
K- f, ~ , Pl , Bi, u 12° 57 ' 40"S, 0 1.30 58 ' 40''E , Rum Jungle , , .T . Rhodes (19o5) 
K- f , Pl, Q, Bi 12° 58 I 50"S ' 0 1.30 59 ' 00" ... , Rum Jun~,le , .T . Rhodes (19u5) 
- f , , Pl, Bi 13° 00 ' 30"S , 1.31° 00 ' 50".ti: , Rum Ju~ le, ' .T. Rhodes (19o5) 
Q, K- f , Pl , Bi 1.3° Ol'2Q"S , 1.31° 03 ' 30"E , um Jungle, N.T . Rhodes (19o5) 
l\- f , Q, Pl , Bi 12° 5.3 ' 40"S, 131° 06 '10 "E , Rum Jur~,le , .'r. hodes (19o5) 
ple 
;./4/17 
;2/4/19 
2/4/2J 
2/4/14 
Name 
L'll\_e • (;;;ldsvu~ Lrrani te 
t1m Juuule complex 
L.:irge _ eldspar ran 1,e 
.tlwn Ju 1 l e complex 
Lar 0 e Feldspar 'ran ite 
um Junble complex 
Granite Gneiss 
u.n Juns le complex 
Granite Gneiss 
um Jun0 le complex 
Pc.1.lmer u ranite 
Palmer Granite 
Palmer G-ranite 
Palmer Granite 
Palmer ranite 
Rat ' j~n Granitic 
Gneiss 
ath -i ~n Granitic 
Gneiss 
Rock type 
niotite Adamellite 
Bio vite Adaillellite 
Bioti u, Adauellite 
Granite neiss 
Granite Gneiss 
Biotite Aclamellite 
Biotite damel lite 
Biotite Adamellite 
Biotite Acamellite 
Leucocratic damellite 
Biotite Adrunellite 
Hornblende Biotite 
~ineral Assemolabes 
1-f , ~ , Fl , Bi 
- -~' .L , ., , .D l. 
J - f , i , Pl , Bi 
-f, , Pl , Bi 
Pl , K- f, , Bi 
K-f, , Pl , Bi 
-f, Pl, Bi 
1'-f, , Pl, Bi 
Q , , -f, Pl, Bi 
A- f, (;i , :Pl, Bi 
Pl, Q, .. -f, Bi 
Q, Pl , }- f, Bi, Ho 
Localit y 
12° 58 ' 20 11 ;:;, Pl0 0.:?' hO" ., Ju1 1 
.1 .1 _ um I Ea , • •• 
L2° 57 1 40 "._. , 1.31 ° 00 ' 40 11 • , m. Ju,, le, 
. 1 • 
12° 5u'20"S, ljOO 59'0J'' um Jungle , ,l .T . 
12° 56 1 20 11 S, 131° 03 ' 20"3 , um Ju le , N.T . 
12° 59' l u "S , 131 ° 02 '00 11 um Jun le, .T . 
147956 ll1annum 1-mile sheet 
143950. annum 1-mil e sheet 
141959 !, annum 1-mile sheet, ..) • • 
l.379b2 1uannum 1- mile sheet , S .A . 
1.37964 ~annum 1-mile she~t, 3.A . 
128966 an."lum 1- mile sheet, S .A . 
112993 Jannum 1- mile sheet, ~ •• 
Ii ef'el'ence s 
hodes ll9D5) 
,hades ( 9o5) 
Rhode (1965) 
hades ( 19o5) 
,hi , , Co pston and 
i..leeman (in i-ires s ) 
hite , Comr ston and 
,leeman (i I. ess) 
hite , Co pston and 
leeman ( in press) 
1hite, Co psto and 
~leema (in press) 
hie, Co pston and 
~leeman in press) 
,hi te (in prep) 
,hite (in prep) 
--- ..,-
!a.11ple 
PR12 
A21 
'A22 
)3/4/2 
>3/4/4 
)3/4/7 
~l/5/1 
ll/5/3 
)/4/5 
Name 
Rathj -n Grani tic 
Gneis s 
Rat'1j en Gr anitic 
Gnei s s 
~ at} jen Granitic 
neiss 
Pal mer L.-ranit e 
Palmer C.. r anite 
Bradshaw Granite 
Bradshaw Granite 
Bradsha,,, r ani te 
Cooma Gneiss 
I.inaslei0 h .1etamor phics 
Rock type 
Hornb l ~nde Biotite 
Biotite Adame llite 
Biot ite Adame l l ite 
Biotite Adamellite 
Biotite Ad.amellite 
Leucocratic Granite 
Adamellite 
1,iuscovite Biotite 
Adamellite 
Biotite Ad.amellite 
Granite Gneiss 
(Granodiori t e) 
Muscovite Bi otite 
Adamellite 
Leucocratic i crogranite 
Mi1eral Assemolac.es 
Pl, Q, K- f , Bi , Ho 
l - f, ~ , Pl, Bi 
Pl, .l\.-f, .., , Bi 
Q, Pl , 1 -f, Bi 
J...-f, Q, Pl , Bi 
1 ... -f, Q, Co , Pl, Ga, Si 
1 - f, , Pl, Co, Ga, Bi 
K- f, Pl , ~ ' Bi, u , Co, 
0- Px, Si 
K-f, Pl , Q, Ho, y 
Pl , Q, Bi, Ga 
, .l\.- f , Pl, Bi , ., u, And . 
K-f, i..! , Pl, Mu, Bi 
Locali ~y 
113003 , Mannum 1-mile sheet , ' 
130965 , annum 1-mile sheet , 3 .A . 
129973, Mannum 1- mile sheet , S .A . 
142959, annum 1-mile sheet , S .A. 
151956, Mannum 1-mil e sheet , S .A. 
12° 11 ' S, 136° 42 'E, Arnhem Land, r .T . 
12° 12 ' S, 136° 44 'E, Ar nhem Land, .T. 
12° 37 ' S, 136° 30 'E, 50 miles S .W. of 
Yir rkala . .L ssion, .T . 
33° 3o 'S, 120° 
33° 5l ' S, 120° l l 'E, 1:5 miles E of 
Hopetown a lone, coast road . 11 .A. 
Road cutting behind S •• A . l' esti 
Laboratory, Cooma, 1.S .A. 
19° 43' S, 143° 13 '~ , 7 miles N •• of 
hddle Park :1omestead, 4! ' ld . 
Refe1·ences 
hite (in prep) 
hite (in prep) 
,hite (in prep) 
,hite, Comps vOn and 
l..leeU1an (i 1 pre s) 
,rite , Compston and 
• leema 1 (in press) 
Dunnet (in press) 
Dun et ( i n pre ~s) 
Dunnet (in press) 
Joplin (194<- , 19~3) 
ranch (in press) 
APPENDIX II 
CHZMlCAL CuMPOSITluNS AND BARTH 
MESONORMS OF GRANITES 
A : SUB- VOLCAN IC GRA.fl ITES 
E54/12/16 E54/16/l E54/16/7 E55/5/7 E55/5/28 
Si 02 75 .20 77 .50 73 .84 76 .40 
Ti02 0 .11 0 .07 0 .15 0 .05 
Al2o3 12 .70 12 .20 13 .72 12 .50 
Fe2o3 0 .78 0 .70 0 .83 0 .53 
FeO 1.05 0 .25 1.49 0 .63 
MnO 0 .06 0 .03 0 .06 0 .01 
MgO 0 .13 0 .05 0 .56 0 .06 
CaO 0 .77 0 .46 1.58 0 .65 
Na20 3. 90 3 .70 3 .50 3.60 
K20 4 .15 4 .45 4 .26 4 .70 
P20S 0 .03 0 .02 0 .14 0 .02 
H20(+) 0 .70 0 .37 0 .32 0 .64 
H20(- ) 0 .14 0 .14 0 .11 0 .15 
CO2 0 .07 0 .08 0 .10 
Total 99 .79 100 .02 100 .56 100 .04 
.. 
E54/12/16 E54/16/l E54/16/7 E55/5/7 E55/5/28 
Qtz 33 .46 36.09 32.10 34.44 
Or 23.73 26 .62 22.57 27 .63 
Ab 35 .76 33.78 31.72 32.94 
An 2.85 1.42 6.46 2 .33 
Co o .85 o .87 l.ll 0 .72 
Bi 2.09 0 .18 4.53 1.07 
Hb 
Hy 
\ lo 
Mnt 0 .83 o .66 o.87 0 .56 
He 0 .05 
Sp 0 .2.3 0.14 0 • .31 0.10 
Il 
Ru 
Ap 0.06 0.04 0.29 0 .04 
Cc 0 .09 0 .10 0 .12 
Total 100.00 100 .00 100 .00 100.00 
S . I • 1.29 0.54 5 .26 0.63 
• I I 
·" ' 
.. 
E55/9/19 E55/13/ll K55/15/2 Vic 4 Vic 5 Vic 6 
Si02 74- .70 76.70 62.80 64.80 67.80 70.20 
Ti 02 0 .11 0 .04- 0.39 0.84- 0.61 0.52 
Al2o3 13.50 12.50 17 .70 15.10 14-.80 14.00 
Fe2o3 0.17 o.66 2.10 0.84- 0.30 0.4-7 
FeO 1.31 0.29 1.40 4.20 3.42 3.56 
MnO 0.04 0.10 0.15 0.06 0.06 0.05 
MgO 0.23 0.05 o.64 2.37 1.49 0.76 
CaO 1.00 0.61 4.20 3.79 3.34 2.47 
Na20 3.40 3.80 4.95 2 .97 3.45 3.34 
K20 4.95 4.30 4.30 3.90 3 .66 3.71 
P208 0.09 0 .02 0 .13 0.25 0.18 0.15 
H20(+) 0.35 0.54 0.55 0 .90 0.96 o.65 
H20(-) 0 .11 0.35 0.25 0.04 0.05 0.03 
CO2 0.09 0 .07 0.27 0.05 0.12 0.04 
Total 100 .05 100 .03 99 .83 100 .11 100 .24 99 .95 
I 
I 
E55/9/19 E55/l.3/ll K55/15/2 Vic 4 Vic 5 Vic 6 
Qtz .32 • .38 .35 .06 8 • .35 24 .51 26 .26 .30 .52 
Or 27 .47 25.65 25.51 12.80 14.10 1 .1.3 
Ab 
.30 . 97 .34.77 44.62 27 .15 .31.49 .30 .65 
An 
.3 .47 2 • .35 1.3 .44 14.18 12 .72 9.41 
Co 1.4.3 0.8.3 0 . 99 0 .64 1.24 
Bi 
.3 .5 .3 0 • .38 17.05 12 . 60 10.0.3 
Hb 4 .07 
Hy 
Wo 0 • .3.3 
Mnt 0 .18 0 .70 2 .20 o .89 0 .31 0 .50 
1: 
He 
Sp 0 .2.3 0 .08 0 .81 1.78 1.29 1.11 
I l 
Ru 
Ap 0 .19 0 .04 0 .27 0.5.3 O • .38 0 • .32 
I Cc 0.11 0 .09 0 • .34 0 .06 0.15 0.05 
Total 100 .00 100 .00 100.00 100.00 100.00 100 .00 
Ii 
I i 
S .I. 2.28 0 .54 4 .77 16 .59 12.09 6.41 
"' _!_ 
Vic 45 D53/4/5 D53/4/6 D53/4/ 8 E53/8/6 E53/8/8 
Si02 71.80 73 .50 71.90 73.60 70.60 72 .60 
Ti02 0 .47 0 .24 0.43 0.24 0 .33 0 .30 
Al2o3 1.3 .so 11.80 12.70 12.70 14 .20 12 .10 
Fe2o3 0.14 0.27 0.57 0.13 0.75 3.83 
FeO 2.90 2.30 2.85 1.95 2 .10 0 .22 
MnO 0 .04 0.03 0.04 0.02 0 .03 
Mg{) 0 .91 0.38 0 .18 0.29 0 .59 0 .12 
CaO 1.74 0 .96 1.36 0 .51 2 .40 0 .23 
Na2o 2.51 1.88 2.35 2 • .30 2. 90 0 .23 
K20 4 .19 6.25 6.10 6.40 5 .20 9.40 
P20s 0 .21 0 .0.3 0 .10 0.13 0 .09 0 .03 
H20(+) 1.18 1.29 o . 87 0.99 o .68 0 .70 
H20(-) 0.01 0 .19 0 .05 0.15 0.08 0.18 
CO2 0.12 0 .62 0.18 0.16 0 .04 0 .02 
I 
Total 100 .02 99 .74 99 .68 99 .57 99 .99 99 .96 
I .... _..L. 
-
. I 
Vic 45 D53/4/5 D53/4/6 D53/4/8 E53/8/6 E53/8/8 
Qtz 37.02 37.27 31 .75 34.02 27.73 33.86 
Or 19.55 35.08 33.38 36.20 27.61 57.87 
Ab 23.25 17.68 21.85 21.38 26 .58 2 .15 
An 5.02 0 .67 3.58 0 .69 10 .12 1.05 
Co 3.78 1.95 1.09 1.97 0.18 1.36 
Bi 9.59 5.78 6.32 4.73 5.99 0.45 
Hb 
Hy 
Wo 
Mnt 0.15 0.29 0.61 0.14 0.80 
He 2.80 
Sp 1.01 0.93 0.70 
Il 0.35 0.34 0.36 
Ru 0.04 
Ap 0.45 0.06 0.21 0.28 0.19 0.05 
Cc 0.15 0.82 0.23 0.20 0.05 
Total 100.00 100.00 100.00 100.00 100 .00 99 ,99 
S .I. 8 .54 1.49 2.61 5 .11 o.87 
I 
--
.. -
B: CONTACT AUREOLE GRANITES 
I56/5/3 K55/7/8 K55/7/ll K55/7/12 K55/7/14 KJ5/7/15 
Si02 71.40 73 .80 68.80 75 .00 73.00 76. 90 
Ti 02 0.36 0 .20 0.56 0.30 0.30 0.26 
Al 203 13.90 13 .70 14.70 13 .40 13.40 11.80 
Fe2o3 1.17 0 .07 0.46 0.27 0.20 0.24 
FeO 1.34 1.34 3.25 1.12 2.15 1.30 
.MnO 0.04 0.03 0.06 0.06 0 .04 0.01 
MgO 0 .80 O .30 1.44 0 .11 o .s1 0.14 
CaO 2 .15 1.48 3.15 0.52 2.60 0.50 
I: 
Na2o 3.10 3 .10 3.75 3.45 2 .90 2 .75 I 
K20 4 ., 5 4 . 90 3.00 4.60 3 .95 4.90 
P20S 0.12 0.12 0.17 0.12 0.09 0.19 
H20(+) 1.05 0 .46 0.62 0 .54 0.54 0 .57 
H20(-) 0 .10 0.07 0.06 0 .15 0.07 0 .11 
I, CO2 0 .12 0.08 0 .05 0 .05 0 .04 
Total 99 .98 99 .69 100.10 99.69 100 .10 99 .71 
i ' 
. 
I56/5/ 3 K55/7/8 K55/7/ll K55/7/12 K55/7/14 K55/7/15 
Qtz 30 .71 32 .81 28 .09 34 . 98 34 .12 40 .03 
Or 23 . 91 27.09 10.55 26 . 12 19 .15 27 .89 
Ab 28 .50 28 .42 34 . 14 31.65 26 .57 25 .43 
An 8 .83 5 .21 12 .23 0 .44 11.17 0 .08 
Co 0 . 92 1.59 0 . 96 2 .88 0 .38 2 .18 
Bi 4 . 82 3 . 95 11.87 2 . 65 7.47 3 .08 
Hb 
Hy 
Wo 
Mnt 1.25 0 .07 0 .48 0 .28 0 .21 0 .25 
He 
Sp 0 .77 0 .42 1.18 0 . 64 0.63 0 .55 
I l 
Ru 
Ap 0 .25 0 . 25 0 .36 0 .25 0 . 19 0 .40 
Cc 0 .1, 0 .10 0 .06 0 .06 0 .05 
Total 1')0 .oo 100 .00 100 .00 100 .00 100 .00 100 .00 
S . I . 3 .08 12 .10 1.15 8 .09 1.50 
-- ----- -
., 
K55/ll/2 E55/6/2 D52/8/5 D52/8/7 D52/8/20 D52/8/21 
Si02 76 .90 74.40 71.30 74.50 69.30 72 .10 
Ti02 0.34 0 .10 0.08 0 .12 0.41 0.29 
Al2o3 11.30 13.60 14.57 13 .50 14.30 14.00 
Fe2o3 0 .38 0 .22 1.19 0.31 0.55 0.20 
FeO 1.71 1.28 1.43 1.04 2.65 1.89 
MnO 0 .04 0 .04 0.06 0.02 0.06 0.04 
MgO 0.07 0.23 0 .69 0.24 0 .80 0 .53 
CaO 0 .90 1.46 0.76 0.91 1.95 1.60 
Na20 3.50 3 .65 3.13 3 .15 2.95 3 .15 
K2o 4 .05 4.10 5.68 4.80 5 .4-5 4- .90 
P20s 0.01 0.05 0.08 0.11 0.14 0.08 
H20(+) 0.42 0 .70 
I 
o .87 0.79 0 .81 0.69 
I H2o(-) 0 .06 0.15 0.08 0.08 0.06 
CO2 0 .04- 0.10 0.26 0.05 0 .11 
Tot al 99 .72 100.08 99 .84 99.8.3 99 .50 99 .64 
.!. 
T, 
K55/11/2 E55/6/2 D52/8/5 D52/ 8/7 D52/8/20 D52/8/21 
Qtz 37 .55 32 .87 28 .36 35 .13 26 .57 30 .67 
Or 22 .28 22.51 31..32 27 .29 27 .88 25 . 9.3 
Ab 
.32 .22 
.3.3 .35 28 .6.3 28 .99 27.16 28 . 92 
An 3.0.3 6.04 
.3 .02 1.77 7 .19 5 .84 
Co 0 .08 1.09 2 .43 2 .78 1.09 1.59 
Bi 
.3 . 61 3.43 4 . 60 2 . 85 8 .24 5 .88 
Hb 
Hy 
Yfo 
Mnt 0 .40 0 .23 1.26 0 .33 0 .58 0 . 21 
He 
Sp 0 .72 0 .21 0 .17 o.~5 0 .87 0 .61 
Il 
Ru 
Ap 0 .02 0 .10 0.17 0 . 2.3 0 • .30 0.17 
Cc 0 .05 0.12 0 • .3.3 0.06 0 .14 
Total l J0 .00 100 .00 100.00 100.00 100.00 100.00 
s .r . 0 .72 2.42 2 .51 6.45 
j! 
D5 2/8/22 D52/b/23 D52/8/24 D52/8/25 D52/8/26 D53/9/l 
Si02 70.70 57.00 64.50 73.40 74.50 65.00 
Ti02 0.25 0.70 0.49 0.19 0.16 0.77 
Al 203 14 .60 16.00 15 .20 13.30 13 .20 14.70 
Fe2o3 0.49 0.98 1.01 0 .57 0.18 0.96 
Feo 1.75 5.85 3.30 1.51 1.41 4.15 
MnO 0.02 0.12 0 .07 0.05 0.03 0.06 
MgO o.85 4 .05 2.25 0.32 0.25 1.25 
CaO 1.71 5 .20 2.40 0 .92 0.80 3.00 
Na20 3.80 2.80 3.25 3.50 3.35 3 .oo 
K20 4.50 4.50 5.40 5 .05 5 .05 4.95 
P20S 0.10 0 .40 0 .29 0 .03 0.03 0.28 
H20(+) 0.97 1.70 1.41 0 .58 0.58 1.25 
H20(-) 0.06 0.10 0.07 0 .04 0 .04- 0.16 
CO2 0.28 0.30 0.33 0.10 0 .14 0.22 
Total 100 .08 99.70 99.97 99.56 99 .72 99 .75 
" .!. 
•, 
D52/ 8/22 D52/G/2j D52/8/24 D52/0/25 D52/ -/26 D53/9/l 
Qtz 27 .20 13 .67 20.71 30 .53 32 .71 ~3 .10 
Or 22.99 11.27 23 .41+- 28 .00 28 .08 22 .17 
Ab 34 .65 25 .78 29 .78 32 .09 30 .70 27 .7 9 
An 5 .27 18.26 6.35 3 .14 2 .38 9.27 
Co 1.75 1.93 l.Ob 1.52 1.26 
Bi 6.43 25 .58 14 .60 3 . 95 3 .60 12.80 
Hb 1.(:() 
Hy 
, O 
I:1nt 0 .52 1.05 1.07 0 .60 0 .19 1.03 
He 
Sp 0 .53 1.50 1.04 0 .40 0 .34 l.oo 
I l 
Ru 
Ap 0 .21 o.85 0 .61 0 .06 0 .06 0 .60 I 
Cc O • .35 0 • .33 0 .42 0 .12 o .18 0 . 28 
Total 100 .00 100 .00 100 .oo 100 .00 100 .00 100 .00 
S . I . 7 • .'.,6 22 .27 14.79 2 .41+- 8.7.3 
I 
J.. 
...-- ,, 
C: tl~GluNAL AUREOLE GRANITES 
D52/8/10 D52/8/ll D52/8/14 D52/4/12 D52/4/21 
Si02 74 .00 7.3.10 76.90 75.00 7.3.60 
Ti02 0 .21 0 .18 0 .04 0 .09 0 .1.3 
Al 2o3 12.90 1.3 .50 12 .80 1.3 .oo 13.20 
Fe20.3 0.77 0 . 35 0 .26 0 • .37 o.68 
FeO 1.31 1.61 0.4o 0.78 1.01 
MnO 0 .0.3 0.02 0 .01 0.03 0 .02 
MgO 0.41 0 .62 0.11 0 • .30 0.38 
CaO 0 . 6.3 0.54 0.54 0.57 0.61 
Na20 3 • .30 2 .55 4 . 00 3.20 3 .25 
K20 5.30 5.95 4.10 5.90 5 .75 
P20s 0.08 0.05 0.02 0.02 0.05 
H20(+) o.86 0 .79 0.37 0 • .31 0.76 
H (-) 2 0 .10 0 .08 0.07 0 .08 0.11 
CO2 0.16 0 .37 0 .16 0.26 0.21 
I Tot al 100 .06 99 .71 99 .84 99 .91 99 .76 
! 
..:. 
I 
D52/8/10 D52/8/l l D52/8/14 D52/4/12 D52/4/21 
Qtz 32.21 33 .86 35 .10 31.50 30.52 
Or 29 .73 32.97 23 .86 33 .89 32 .89 
Ab 30 .28 23 .56 36 .44 29 .20 29 .84 
An 0 .87 0.01 1.41 0.75 0 .94 
Co 1.5b 3 .21 1.41 1.20 1.44 
Bi 3 .6l~ 5 .13 1.15 2 .47 2 .96 
Hb 
Hy 
Wo 
Mnt 0 . 82 0 . 37 0 .27 0.39 0 .72 
He 
Sp 0 .4.1., 0 .08 0 .19 0 .27 
Il 0 . 25 
Ru 
Ap 0 .17 0 .10 0 .04 0 .04 0 .10 
Cc 0.20 O . 4-8 0 .20 0 .33 0 .27 
Tot al 100 .00 100.00 100 .00 100 .00 100.00 
S . I . 5 . 59 1.23 2 .84 3.43 
I 
D52/4/28 D52/4/31 D52/4/33 D52/4/18 D52/8/18 
Si02 73.00 74.60 73 .20 74-.40 75 .20 
Ti02 0.31 0 .50 0 .35 0 .09 0 .16 
Al2o3 13.60 12 .80 13.20 13.70 12.40 
Fe2o3 0 .63 0 .64 0.33 0 .27 0 .51 
FeO l.b5 o .86 1.47 0 .72 0.86 
MnO 0 .03 0.04 0 .02 0.02 0 .02 
MgO 0.55 0 . 35 0 .60 0 .30 0 .44 
CaO 0 .89 0 . 91 0 .71 0 .51 0.44 
Na20 2 .80 3.55 3.20 3.65 1.89 
K2o 5 .55 5 .00 5 . 60 5 .30 6.80 
P20S 0 .10 0.06 0 .10 0.03 0.05 
H20(+) 0.71 0 .49 0.87 0.60 0.85 
H20(- ) 0.08 0.09 0.07 0 .08 0.09 
CO2 0 .13 0 .15 0.23 0 .17 0 .19 
Total 100 .03 100 .04- 99. 95 99.84 99.90 
I 
-
D52/4/28 D52/4/31 D52/4/33 D52/4/18 D5 2/ 8/18 
Qtz 32 .65 31.89 31.08 30.51 36.37 
Or 30.40 28.42 30.63 30.28 39.55 
Ab 25.71 32.41 29 .36 33.27 17.51 
An 1.90 1.45 0.20 0.96 0.10 
Co 2.57 1.13 2.01 1.79 2.13 
Bi 5.02 2.59 5.09 2 .41 3.05 
Hb 
Hy 
\ 0 
Mnt 0.67 o.68 0.35 0 .28 0.55 
He 
Sp o.66 l.Ob 0.74 0 .19 0.34 
11 
Ru 
Ap 0.21 0 .12 0 .21 0.06 0 .10 
Cc O.lb 0 .19 0.29 0.21 0.24 
Total 100.00 100.00 100.00 100.00 100.00 
S .I. 5 .35 2.92 4.19 
I 
-I 
D52/8/19 D52/4/22 D52/4/27 D52/8/9 D52/8/12 
Si02 73.80 75 .20 74 .50 69 .00 71.20 
Ti 02 0 .27 0 .27 0 . 25 0 .43 0 .47 
Al 2o3 12 .80 12 .00 12 .40 13.90 13 .90 
Fe2o3 o .66 o .eo 0 .40 0 .74 0 .47 
FeO 1.08 1.08 1.22 2 .35 1.79 
MnO 0 .02 0 .02 0 .02 0 .05 0 .03 
MgO 0 .47 0 .47 0 .69 1.4b 1.25 
CaO 1.06 0 .88 0 . 81 1..30 0 .71 
Na20 .3 .20 2.80 2.85 2 .95 2 .55 
K2o 5 .40 5 .05 5 .40 5 .85 5 .80 
P20s 0.09 0 .10 0 .09 0 .24 0 .18 
H20(+) o .66 0 .74 0 .73 1.12 0 .92 
H20(- ) 0,06 0 .12 0 .12 0 .11 0 .06 
CO2 0 .42 0 .18 O • .38 0 .31 O • .35 
Total 99 . 99 99 .71 99 .86 99 .83 99 .68 
r, 
I 
D52/8/19 D52/4/22 D52/4/27 D52/8/9 D52/8/12 
Qtz 
.32 .10 .36 .97 .35 .24 27 .11 .32 .52 
Or 
.30.47 28.66 29 .74 29 .21 
.30.71 
Ab 29 • .38 25.92 26 .29 27.15 2.3 .54 
An 1.10 1.68 0.16 1.46 0.1.3 
Co 1.45 1.49 2 .0.3 2.45 .3 . 79 
Bi 
.3 .46 .3 • .36 4.86 9. 96 7.25 
Hb 
Hy 
fo 
Mnt 0 .70 0 .86 0 .42 0.79 0 .50 
He 
Sp 0 .57 0 .58 O .5.3 0.92 
Il o.67 
Ru 
Ap 0 .19 0 .21 0 .19 0.51 O • .38 
Cc 0 .54 0 .2.3 0 .49 0.40 0.45 
Total 100 .00 100.00 100.00 100 .00 100 .00 
S .I. 4.60 6 .5.3 11.06 10 .5.3 
I 
--
I 
D52/4/13 D5 2/4/17 D52/4/19 D52/4/20 D52/4/14 D52/4/32 
Si02 68 .50 70 .10 72.40 69.60 70 .40 72 .50 
Ti02 0 .62 0 .49 0 .33 0 .50 0 .32 0 .20 
Al 2o3 14.50 13.40 13. 20 13.80 14.60 14 .10 
Fe2o3 1.22 1.28 1.23 1.89 o .89 0 .41 
FeO 2 .10 1.75 1.14 1.57 1.56 1.25 
MnO 0 .06 0 .04 0 .05 0 .04 0 .06 0 .03 
MgO O . 92 1.04 0 .75 1.13 0 .91 0 .49 
CaO 1.78 1.69 1.33 1.73 2 .55 1.39 
Na20 3 .75 2. 95 3 .05 3.35 3 .90 3.55 
K20 5 .05 5.50 5 .20 4 .90 3.45 5. 25 
P205 0 .20 0 .21 0 .11 0 .24 0 .14 0 .09 
H20(+) 0 .72 0 .67 0.57 0 .63 o .84 0 .47 
H20(- ) 0 .06 0 .08 0 .09 0 .13 0 .09 0 .07 
CO2 0 .25 0 .50 0 .24 0.20 0 .08 0 .21 
Total 99.73 99 .70 99 .69 99 .71 99 .79 100 .01 
I • 
I 
--
I 
D52/4/13 D52/4/17 D52/4/19 D5 2/4/20 D52/ 4/14 D52/4/32 
Qtz 23.86 29 .16 
.31 .47 27.75 28 .21 27 .95 
Or 26 .12 29 .33 28 .87 25 .95 17.01 28 .85 
Ab 34 . 29 27.22 28 .06 30 .76 35.63 32 .29 
An 3 .85 2 .20 3 .29 4 .10 10 .29 4 .34 
Co 1.64 2 .03 1.54 1.69 0 .82 1.11 
Bi 6. 84 6 .51 4 .17 5 .86 5 .97 4.12 
Hb 
Hy 
\, o 
rfot 1.29 1.37 1.31 2 .02 0 .94 0 .43 
He 
Sp 1.31 1.05 0 .70 1.06 o .68 0 .42 
I l 
Ru 
Ap 0.42 0 .45 0 .23 0 .51 0 .29 0 .19 
Cc 0 .32 0 .64 0.31 0.25 0.10 0.26 
Total 100 .00 100.00 100 .00 100 .00 100 .00 100 .00 
s .r. 8.30 6 .59 8.80 8 .49 4 .47 
-
• I 
p 2 Pl+ p 5 p 6 p 7 
Si 02 73.07 74 .53 73 .44 75 .29 75 .46 
Ti02 0 .37 0.32 0 .34 0.21 0 .19 
Al 2o3 13.84 13.55 13.76 13.24 13.12 
Fe2o3 1.31 1.04 1.12 1.03 o.86 
FeO 1.04 0 .97 1.13 0 .48 0.44 
MnO 0 .02 0.02 0.02 0.01 0.01 
gO 0.58 0.47 0.46 0.32 0.21 
CaO 1.60 1.58 1.79 o.87 0.94 
Na20 4.31 3 .69 4.00 3.60 3.55 
K2o 3.46 4.03 3.61 4.62 4.50 
P20s 0.15 0 .12 0.27 0 .10 0.06 
H20(+) 0.22 0.17 0 .18 0.32 0.22 
H2o(-) 0 .04 0.06 0.02 0.08 0.04 
CO2 0 .07 0.07 0.06 0.09 0.06 
Total 100.08 100 .62 100.20 100 .26 99 .66 
I 
-
' 
p 2 P4 p 5 p 6 p 7 
Qt z 
.30 . 1.3 .32 . 71 .31.54 .3.3 • .31 .34 .00 
Or 18 .66 22 .21 19.62 26 .85 26 .47 
Ab 
.39 .02 
.3 .3 • .37 .36 .25 .32 . 72 .32 .42 
An 5 . 27 5 .5.3 5 .60 2 • .39 .3 . 28 
Co 1.20 1.21 1..36 1.60 1 • .36 
Bi 
.3 .1.3 2 . 8.3 .3 .05 1.24 0 .91 
Hb 
Hy 
Wo 
Mnt 1 • .38 1.09 1.18 1.09 0 . 91 
He 
Sp 0 .77 0 .67 0 .71 0 -~l+ 0 .40 
I l 
Ru 
Ap 0 • .31 0 . 25 0 .56 0 .21 0 .12 
Cc 0 .08 0 .08 0 .07 0 .11 0 .07 
Total 100 .00 100 .00 100 .00 100 .00 100 .00 
S . I . 4 . 60 4 .45 .3 .18 2 .19 
I 
-
P 13 P 15 P l o PR 12 SA 21 
Si 02 76 .32 70 .04 71.72 73 .70 73.27 
Ti02 0.36 0.82 o.66 0 .48 0 .56 
Al2o3 12.38 13.23 12 . 98 12 .78 12 .40 
Fe2o3 0 . 90 1.5.3 1.16 1.09 1 • .32 
FeO 1.00 3 .41+ 2 .85 1.82 1.92 
MnO 0 .04 0 .07 0 .07 0 .04 0 .04 
I~LD 0 .43 1.3.3 1.22 0.63 o .86 
CaO 1.19 2 .59 2 .62 1.65 1.74 
Na2o 3 .67 3 .77 3.71 .3 . 71 .3 .61 
K20 .3 .71 2 .77 3.0.3 .3 .50 .3 .48 
P205 0 .08 0 .21 0 .18 0 .12 0 .1.3 
H20(+) 0 . 22 0 .40 0 .48 0 • .32 0 .24 
H20(-) 0 .06 0 .05 0 .02 0 .04 
CO2 0 .02 0 .10 0 .07 0 .07 
Total 100 • .37 100 • .36 100 .7.3 100 .1.3 99 .68 
--
'f 
p 1.) P 15 P l o PR 12 SA 21 
Qtz 36 .38 31.53 31.83 33 . 97 34.29 
Or 20 .23 9, 82 12 .14 17 .26 17 .18 
Ab 33 .34 34 .42 33 .70 .33 .82 33 .11 
An 4 .05 8.12 9.63 5 . 37 5 .50 
Co 0 . 95 1.22 0 .12 1.05 o.so 
Bi 3 .11 10 .91 9.55 5 . 97 6.11 
Hb 
Hy 
,lo 
Mnt 0 .95 l.ol 1.22 l. l J 1.41 
He 
Sp 0 .76 1.74 1.39 1.01 1.19 
I l 
Ru 
Ap 0 .16 0 .44 0 .38 0 .25 0 .27 
Cc 0 .02 0 .12 0 .08 0 .09 
Total 100 .00 100 .00 100 .00 100 .00 100 .00 
J . I • 4 . 91 10 .35 10 .19 7 .57 7 .68 
-
' 
SA 22 SA 2.3 D5.3/4/2 D5.3/4/4 D5.3/4/7 
Si02 73 .98 73 .10 74.80 69.30 
Ti02 0 .33 0 .41 0 .05 0 .55 
b.1203 13.42 13.53 13 .90 14 .30 
Fe2o3 1.10 1.50 0 .13 0.23 
F eO 1.02 1.05 o .89 3 .80 
MnO 0 .02 0 .02 0 .02 0 .03 
gO 0 .56 0 .58 0 .15 1.35 
CaO 1.22 1.78 1.01 1.37 
Na20 3 .62 3 .87 2. 95 2. 25 
K2o 4 .58 3 .87 5 .10 4 .70 
P20s 0 .13 0 .12 O .15 0 .11 
H20(+) 0 .25 0 .14 0 .61 1.47 
H20(- ) 0 .10 0 .07 0 .07 0 .02 
CO2 0 .16 0 .06 0 .25 0 .22 
'i'otal 100 .49 100 .10 100 .08 99 .70 
I 
-
I 
SA 22 SA 23 D53/4/2 D53/4/4 D53/4/7 
Qtz 31 .68 30 .74 35 . 10 35.26 
Or 25 .32 21 .26 29 . 28 20.62 
Ab 32 .82 35 .14 27 .03 20 . 98 
An 3.07 6 .31 2 .32 2 .88 
Co 1.53 0 .76 3 .00 5 .10 
Bi 3 .22 2 . 98 2 .35 13.16 
Hb 
Hy 
\{o 
Mnt 1.16 1.58 0 .13 0 . 24 
He 
Sp 0.69 o .86 0 .10 1.19 
I l 
Ru 
Ap 0 .27 0 .25 0 . 32 0 .23 
Cc 0 .20 0 .07 0 .32 0.28 
Total 100.00 100 .00 100 .00 100.00 
S .I. 5 .14 5 .33 1.02 10.94 
-
I51/5/l I51/5/.3 J55/4/5 E54/16/6 
Si02 71.60 71.00 69.70 72 .50 
Ti02 0.25 0.02 0.69 0 .02 
Al20.3 1.3 . 90 15 .40 14 .80 14.90 
Fe2o3 1..31 0 .50 0 .80 0 .06 
FeO 1.47 1.90 4.20 0 .40 
MnO 0 .04 0.02 0 .07 0 .01 
MgO 1.01 0 .71 2 .05 0.12 
CaO 2 .70 .3 . 00 0 . 9.3 o .67 
Na20 .3 . 65 4 . 85 1..30 .3 . 25 
K20 .3 .25 1.28 .3 . 65 7.00 
P20s 0 .16 0 .09 0 .16 0 . 2.3 
H20(+) O • .35 0 .51 0 • .38 
H20(- ) 0 .06 0 .07 0 .06 
CO2 0 .08 0 .19 0.16 
Tot al 99 .8.3 99 .54 98 • .35 99 .80 
-
I51/5/l I51/5/3 J55/4/5 E54/16/6 
Qtz 31.10 30 .29 45 .69 24.17 
Or 15.94 3 .78 12.33 40.88 
Ab 33 .31 41+.11 12.20 30.35 
An 11.15 13.19 1.21 1.30 
Co 0 .39 1.40 9.46 1.50 
Bi 5.71 6.19 16 .34 1.12 
Hb 
Hy 
.. o 
Mnt 1.39 0.52 o.87 0.09 
He 
Sp 0.53 0.04 1.50 
I l 
Ru 
Ap 0.34 0 .19 0.34 0.42 
Cc 0 .10 0.24 0 .17 
Total 100 .00 100.00 100.00 100.00 
S . I . 7 . 68 17.08 1.11 
I 
